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WATER-RESOURCES APPRAISAL OF THE UPPER ARKANSAS RIVER BASIN 
FROM LEADVILLE TO PUEBLO, COLORADO

By Thomas M. Crouch, Doug Cain, P. 0. Abbott, Robert D. Penley, and
R. Theodore Hurr

ABSTRACT

The upper Arkansas River basin from Leadville to Pueblo, Colo., is a 
high altitude, intermountain, agricultural and ranching community that 
consists of several structurally formed, alluvial-filled subbasins joined by 
the Arkansas River. The purpose of the study was to provide a reconnaissance 
investigation of the quantity, quality, and availability of ground- and 
surface-water resources of the area.

Most water supplies in the basin are presently (1982) diverted by canals 
from surface-water sources. During droughts, the exercise of senior water 
rights in the lower Arkansas River in Colorado can substantially reduce 
upstream diversions. The recently completed Fryingpan-Arkansas River project 
has changed the flow regime of the Arkansas River by increasing reservoir 
storage and by importing 69,200 acre-feet per year of water from the Colorado 
River drainage.

The volume of hydrologically recoverable ground water in the upper 
200 feet of unconsolidated saturated materials in the Leadville and Buena 
Vista-Salida basins and the Wet Mountain Valley is estimated to be 10.2 mil 
lion acre-feet. Ground water also is available in the Dakota-Purgatoire 
aquifer, with well yields reportedly as much as 300 gallons per minute. 
Gain-loss studies indicate hydraulic connection between the Arkansas River 
and the ground-water system with ground water contributing to streamflow in 
the study area.

The quality of ground and surface water is acceptable for most uses with 
hardness, iron, manganese, pH, and sulfate exceeding recommended drinking- 
water criteria during low flow in the river. Dissolved solids increase down 
stream because of increased water use and decreased precipitation and ground- 
water inflow. Acid mine drainage has seriously degraded water supplies in the 
Leadville area. Water in the Dakota-Purgatoire aquifer has concentrations of 
radiochemical constituents that exceeded drinking-water criteria.



INTRODUCTION

The upper Arkansas River basin is an agricultural and ranching community 
that relies extensively on water locally available in the Arkansas River and 
its tributaries. At present (1982), ground water is used mostly for domestic 
purposes, stock watering, and some municipal supplies.

The upper Arkansas River basin is the headwaters of the Arkansas River 
and the source area for a large percentage of the surface water used in 
southeastern Colorado. Colorado water law stipulates that the volume and fre 
quency of diversions from the river be administered according to the prior- 
appropriation doctrine by the Colorado Division of Water Resources, Office of 
the State Engineer. That doctrine establishes a priority system based on 
"first in-use, first in-right." During extended low flows or drought, senior 
water rights in the lower Arkansas River basin in Colorado can stop or sub 
stantially reduce upstream diversions.

The objectives of this study were to determine on a reconnaissance level 
(1) the quantity, quality, and availability of both surface and ground water; 
and if possible (2) the potential for development of the ground-water system.

The scope of this investigation included a review of data and reports 
previously written about the basin, an evaluation of streamflow and reser 
voirs, a determination of the quality of available water, the expected yields 
from properly constructed wells completed in various aquifers, the volume of 
water available in ground-water storage, and a definition of the potentiomet- 
ric surface in the confined and unconfined aquifers. Gain-loss evaluations 
were made on several main-stem reaches of the Arkansas River and its tribu 
taries to determine surface- and ground-water relationships.

Location and General Features of Study Area

The upper Arkansas River basin (fig. 1) is a high-altitude, semiarid 
basin that extends from Leadville to Pueblo, Colo., a straightsline distance 
of approximately 120 mi. The total study area is about 5,200 mi and includes 
all of Lake, Chaffee, Fremont, and Custer Counties; and parts of Saguache, 
Park, Teller, El Paso, and Pueblo Counties. National forests cover about one- 
third of the area. Altitudes in the basin range from about 4,670 ft at Pueblo 
to 14,433 ft at Mount Elbert in Lake County the highest peak in Colorado.

Most of the population and related activities are located along the 
broad, gently sloping terrain of the Arkansas River. The principal towns in 
the study area are Pueblo, Canon City, Salida, Buena Vista, Leadville, and 
Westcliffe. According to the 1970 census (U.S. Bureau of Census, 1971), the 
population of the upper Arkansas River basin, excluding the city of Pueblo, 
was 48,200. This represents an increase of about 2,000 people since 1960.
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Figure 1. Location of study area.



Preliminary data from the 1980 census (U.S. Bureau of Census, 1981) indicates 
approximately 54,000 people reside in the study area. The principal industry 
in the area is currently (1982) ranching. Historically, mining of precious 
metals dominated the economy of the area. The mines produced large quantities 
of gold, silver, and lead, but most of them are now abandoned. Molybdenum 
continues to be mined at a large operation near Leadville.
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HYDROLOGIC SETTING

Rocks in the upper Arkansas River basin range in age from Quaternary to 
Precambrian (pi. 1). Relatively thin alluvial deposits of sand, gravel, and 
silt of Quaternary age, which readily supply water to wells, occur along the 
Arkansas River except in the reach between Salida and Canon City where the 
river generally flows across crystalline bedrock or consolidated sedimentary 
deposits. Three structural basins the Leadville basin, the Buena Vista- 
Salida basin, and the Wet Mountain Valley contain thick deposits of satu 
rated alluvial material of Quaternary and Tertiary age. East of Canon City a 
sloping plain, known as the Canon City embayment consisting of several aqui 
fers, has been eroded on eastward-dipping and gently folded sedimentary rocks 
mostly of Cretaceous age.

The mountain ranges are composed of sedimentary, igneous, and metamor- 
phic rocks. The sedimentary rocks are of Paleozoic age while the igneous and 
metamorphic rocks principally are of Precambrian age. Volcanic rocks, mostly 
of Tertiary age, flank the mountain ranges in some areas.

Major tributaries to the Leadville and Buena Vista-Salida basins include 
East Fork and Tennessee Fork (not shown, pi. 1) at the north end of the Lead 
ville basin; Lake Fork, Halfmoon Creek, Lake Creek, Clear Creek, Cottonwood 
Creek, Chalk Creek, and the South Arkansas River discharge from the Sawatch 
Range and contribute to the flow of the Arkansas River in the Buena Vista- 
Salida basin. The natural discharge of the river is supplemented by trans- 
mountain diversions through several ditches and tunnels. Downstream from 
Salida, Badger Creek, Currant Creek, Fourmile Creek, and Eightmile Creek 
drain the mountains on the north side of the Arkansas River. Texas Creek and 
Grape Creek drain the Wet Mountain Valley to the south of the river. Hard- 
scrabble Creek drains the northern part of the Wet Mountains southeast of 
Canon City. The Arkansas River flows into Pueblo Reservoir at the downstream 
end of the study area.



Precipitation and transmountain diversions are the principal sources of 
water in the upper Arkansas River basin. Based on climatological data from 
the U.S. Weather Bureau (1967), the average annual precipitation in the study 
area varies from less than 10 in. to more than 40 in. (pi. 2), generally 
increasing with altitude. The greater volumes of precipitation occur mostly 
as snowfall at altitudes above 11,000 ft.

GROUND WATER 

Occurrence

In the upper Arkansas River basin there are many different aquifers with 
a variety of hydrologic characteristics. The stratigraphic sequence of the 
geologic units, plus a summary of their physical and hydrologic characteris 
tics are presented in table 1. In addition, aquifers known to yield water to 
wells are discussed, from youngest to oldest, in the following text. A gen 
eralized areal distribution of the principal geohydrologic units is shown on 
plate 1. The location of wells and springs for which hydrologic data are 
available are shown on plate 3 with the data presented in the Supplemental 
Information section.

Unconsolidated Rock Aquifers

The most productive aquifers in the basin are the unconsolidated rock 
aquifers consisting of alluvial, glacial, and basin-fill deposits. Alluvial 
deposits of Quaternary age occur along the Arkansas River and its major trib 
utaries except in the reach between Salida and Canon City. Glacial deposits 
of Quaternary age and thick, extensive basin-fill deposits of Tertiary age 
occur in the Leadville and Buena Vista-Salida ground-water basins and in the 
Wet Mountain Valley (fig. 2). The basin-fill deposits in the Leadville and 
Buena Vista-Salida basins are called the Dry Union Formation. In the Wet 
Mountain Valley they are called the Santa Fe Formation. These formations are 
virtually equivalent in age and lithology.

The water-yielding potential of these aquifers varies greatly but gener 
ally increases with saturated thickness, improved sorting, and a decrease in 
clay and silt content. Confined (artesian) conditions may occur in the uncon 
solidated rock aquifers. Water in sand and gravel units is more likely to be 
confined in the center of the basins where clay or silt beds are thicker and 
more areally continuous. Water will flow from wells penetrating the confined 
aquifers in areas where the potentiometric surface is above land surface.



Table 1. Generalized stratigraphio relationships, and physical and hydrologio characteristics of geologic units

4J 
»
X 
(A

Quaternary

Tertiary

Cretaceous

Series j

Holocene

Pleistocene

Oligocene Miocene "N^ Pliocene

Eocene

Upper Cretaceous ~~     JJaleocene

Group 
formation 

and member

Valley-fill 
alluvium

Glacial 
deposits

Santa Fe 
Formation 

and 
Dry Union 
Formation 
(basin-fill 
aquifers)

Volcanic 
rocks

Intrusive 
igneous 
rocks

Poison 
Canyon 

Formation

Intrusive 
igneous 
rocks

Raton 
Formation

Vermejo 
Formation

Trinidad 
Sandstone

Pierre 
Shale

Kiobrara 
Formation

Carlile 
Shale

Bridge 
o Creek 
c Limestone
a MemberQ

£ Hartland 
c Shale 
c Member
1 and 
a Lincoln
u Limestone 

Member

Thick 
ness, 

in feet 1

0-100

0-500

0-6,700

0-1,500

     

530-550

     

150-500

300- 3AO

50-60

2,000- 
3,900

600-700

200-230

30-55

90-100

Physical description

Unconsolidated clay, silt, 
sand, gravel, and cobbles 
deposited by streams and 
rivers.

Moraine and outwash deposits 
of poorly sorted send, 
gravel, cobbles, and 
boulders containing layers 
of silt and clay.

Unconsolidated to poorly con 
solidated sand, gravel, and 
cobbles, with inter bedded 
coherent siltstone beds and 
friable sandstones and vol 
canic ash beds.

Primarily andesitic and 
basaltic flows, flow brec 
cias, lahars, and rhyolite 
flows and ash-flow tuffs. 
Includes local interflow 
sands and gravels.

Granodiorite, quartz monzo- 
nite, and granite stocks, 
dikes, and sills.

Medium-grained massive sand 
stone; conglomerate in 
lower part. Partly vol- 
caniclastic.

Quartz monzonite, grandio- 
rite, and quartz diorite 
porphyries.

Interbedded sandstone, silt- 
stone, shale, and coal.

Sandstone and inter bedded 
carbonaceous, silty shale, 
and coal.

Medium- to fine-grained 
massive sandstone.

Siltstone, claystone, and 
shale, with sandstone near 
top and bottom.

Gypsiferous shale underlain 
by the Fort Hays Limestone 
Member; approximately. 40 
feet of, chalky limestone 
beds separated by thin 
shale partings.

Contains an upper sandstone 
member and two underlying 
shales.

Thin-bedded limestone with 
interbedded shale.

Soft shale containing layers 
and lenses of clastic 
limestone.

Hydrologic characteristics

Water occurs in interstices 
under unconfined and locally 
confined (artesian) condi 
tions .

Water occurs in interstices 
under unconfined and locally 
confined (artesian) condi 
tions.

Water occurs in interstices 
under unconfined and confined 
(artesian) conditions. Sec 
ondary porosity may result 
from fracturing of coherent 
siltstones and sandstones.

Water occurs in the interstices 
of tuffaceous deposits and 
interflow sands and gravels, 
and in fractures of the flow.

Water occurs only in fractures.

Water occurs in the inter 
stices, probably under uncon 
fined conditions only.

Water occurs only in fractures.

Water occurs in interstices, 
usually unconfined, but may 
be confined.

Water occurs in interstices, 
usually unconfined but may 
be confined.

Water occurs in interstices, 
usually unconfined but may 
be confined.

Water occurs in the interstices 
of sandstone or in fractures 
in the siltstone and claystone.

Water occurs in fractures and 
and possibly in solution open 
ings of the Fort Hays Lime 
stone Member.

Water may occur locally in 
fractures or in interstices 
of the sandstone member.

Water may occur where the unit 
is fractured.

Water may occur where the units 
are fractured.

Water-supply potential

Variable, depending on saturated 
thickness, texture, and sorting; 
generally 50 to 500 gal/min but 
up to 1,000 gal/min.

Variable, depending on saturated 
thickness, texture, and sorting; 
well yields range from less than 
10 gal/min to as much as 
1,500 gal/min.

Variable, depending on saturated 
thickness, texture, and sorting; 
presence of fractures may in 
crease potential locally. Well 
yields range from about 10 to as 
much as 1,200 gal/min, but most 
penetrate only a small fraction 
of the aquifer; potential yield 
known for most areas.

Yields to wells are generally less 
than 10 gal/min, but as much as 
30 gal/min in the Wet Mountain 
Valley.

No known wells in these rocks. 
Expected yield in properly lo 
cated wells is 1 to 5 gal/min.

May yield small quantities of 
water to wells. Formation may 
be drained throughout most of 
the area.

No known wells in these rocks.

May yield small quantities of 
water to wells. Formation may 
be drained throughout most of 
the area.

May yield small quantities of 
water to wells.

Reported well yields range from 
20 to 100 gal/min.

May yield small quantities of 
water to wells.

Reported well yields of the Fort 
Hays Limestone Member range froa 
2 to 110 gal/min.

No known wells in this formation. 
Generally is not an aquifer.

Reported well yields up to 
40 gal/min.

No known wells in these members. 
Generally not aquifers.



Table 1. Generalized stratigraphies relationships, and physical and hydrologic characteristics of geologic units Continued

0) 
JJ 
09 
S*. 
V.

Cretaceous

Jurassic

c
OT3C 
>C« 
 HtO-H 
^ E 
tfl i-i
ecu end,
4M&,

MLssis- 
sipian

i e c c > n£-

Ordovician

Series I

upper ure- 
taceous

Lower Cretaceous

Middle and Upper 
Jurassic

Crystalline rocks 
of the Precambrian

Group 
formation 

and member

Graneros 
Shale

Dakota 
Sandstone

Purgatolre Formation

Glencairn 
Shale 

Member 
( Kiowa 
Shale)

Lytle 
Sandstone 
Member 
("Cheyenne 
Sandstone)

Morrison 
Formation and 
Ralston Creek 

Formation

Entrada 
Sandstone

Fountain 
Formation

Leadville 
Limestone

Williams 
Canyon 

Limestone

Fremont 
Dolomite

Harding 
Sandstone

Manitou 
Limestone

Tgneous 
rocks

Metamorphic 
rocks

Thick 
ness, 

in feet 1

90-130

90-130

90-100

100-150

260-350

50-100

1,500- 
4,500

0-200

0-200

0-20

0-75

0-40

-----

     

Physical description

Soft to moderately hard 
fissile clayey shale and 
siltstone.

Fine- to medium-grained mas 
sive sandstone with inter- 
bedded shale.

Predominately shale with thin 
beds of sandstone and silt- 
s tone .

Massive fine- to medium- 
grained sandstone with thin 
beds and lenses of silt- 
stone and conglomerate.

Mudstone containing numerous 
lenses of fresh-water 
limestone and beds of 
sandstone, and arkosic 
sandstone and limestone.

Fine- to coarse-grained 
arkosic sandstone.

Coarse-grained arkosic con 
glomerate and sandstone 
with interbedded siltstone 
and shale.

Oolitic limestone.

Finely crystalline dolomitic 
limestone.

Hard dolomitic limestone with 
chert bands.

Fine-grained , thin-bedded 
sandstone.

Interbedded limestone and 
dolomite, locally sandy, 
cherty, and oolitic.

Primarily medium- to coarse 
grained acidic intrusives; 
granite, diorite, and 
granodiorite. May be 
foliated or porphyritic.

Primarily biotite-quartz- 
plagioclase gneiss. 
Migmatitic.

Hydrologic characteristics

Water may occur where the unit 
is fractured.

Water occurs in interstices snd 
fractures in the sandstones 
and in fractures in the shale. 
Unit is unconfined in outcrop 
areas but under confined 
(artesian) conditions where 
overlain by consolidated 
rocks. Wells flow in areas 
where artesian pressure head 
is above land surface.

Water occurs in interstices of 
sandstone and in fractures in 
mud stone and limestone.

Water occurs in the interstices 
and locally in fractures.

Water occurs in interstices and 
fractures; unconfined in out 
crop areas and confined in 
the subsurface.

Water may occur in fractures 
and solution openings.

Water may occur in fractures 
and solution openings.

Water may occur in fractures 
and solution openings, and 
also in intergranular open 
ings produced by volume re 
duction from dolomitization.

Water occurs in the interstices 
and possibly in fractures.

Water may occur in fractures 
and solution openings.

Water occurs only in fractures.

Water-supply potential

Mo known wells in this formation. 
Generally is not an aquifer but 
a confining bed for the under 
lying Dakota-Purgatoire aquifer.

The Dakota-Purgatoire aquifer pro 
vides greatest yields to wells 
where it is extensively frac 
tured. Reported well yields 
range from 3 to 1,600 gal/min, 
but are generally from 10 to 
500 gal/min. Unit may be 
drained in outcrop aress. In 
some areas, water has been re 
ported to be warm and mineral 
ized.

Reported well yields range from 12 
to 60 gal/min.

Reported to yield water to wells; 
no data available.

Well yields are generally 5 to 
25 gal/min, but yields up to 
100 gal/min have been reported.

No known wells in this unit. 
Probably is an aquifer with 
potential for development.

No known wells in this unit . May 
be an aquifer with potential 
for development .

No known wells in this unit. May 
be an aquifer with potential for 
development .

Well yields are reportedly less 
than 50 gal/min.

No known wells in this unit . May 
be an aquifer and may have po 
tential for development.

Yields to wells are generally less 
than 10 gal/min. Higher yields 
may be obtained with careful 
exploration for areas of major 
fracture systems.

^Thickness is approximate where no range in values is given.
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Alluvial deposits along the major rivers and streams are composed pri 
marily of sand, gravel, and cobbles with dispersed clay and silt lenses. The 
deposits were derived from erosion and stream transport of rocks from the 
adjacent mountains and from stream reworking of previously deposited glacial 
and basin-fill deposits. Where valley-fill aquifers overlie glacial or 
unconsolidated basin-fill aquifers, there may be no clear differentiation in 
lithologic or hydrologic characteristics and wells may obtain water from both 
aquifers. The valley-fill aquifers generally range in thickness from 0 to 
100 ft; a few wells are reported to penetrate the valley-fill aquifers and 
obtain water from the underlying glacial or basin-fill deposits. Between 
Canon City and Pueblo the thickness of saturated alluvium along the Arkansas 
River ranges from 0 to 50 ft. Data from well records indicate the water 
table is less than 10 ft below land surface in about one-half of the wells 
completed in the valley-fill aquifer and less than 20 ft below land surface 
in three-fourths of the wells. Areas of shallower depths to water generally 
are found nearer the streams and in topographically low areas.

Glacial deposits overlie the basin-fill deposits in most areas of the 
Leadville and Buena Vista-Salida basins and the Wet Mountain Valley (pi. 1). 
The glacial deposits vary widely in composition, from clay beds to cobble and 
boulder deposits, depending on the mechanism of deposition. Till deposits, 
such as moraines, tend to be unstratified, poorly sorted, and include consid 
erable dispersed silt and silt lenses. The till deposits generally yield 
small quantities of water to wells. Outwash deposits are partly stratified 
and sorted and may provide large quantities of water to wells.

Basin-fill deposits occur in the three down-faulted intermontane basins 
in the upper Arkansas River basin: the Leadville and the Buena Vista-Salida 
basins, and the Wet Mountain Valley. These deposits are composed of friable 
to unconsolidated sand and gravel and interbedded loosely coherent sandy 
siltstone. The basin-fill deposits were formed by movement of sediments from 
the surrounding mountains and accumulated through late Tertiary time as the 
basin floors subsided under the increasing weight of sediments and intersti 
tial water. Streams emanating from the mountains deposited the bulk of these 
materials, aided by landslides, wind, and volcanic eruptions. The deposits 
generally are composed of finer-grained materials near the center of 
the basins.

Leadville Basin

The Leadville ground-water basin (pi. 1) is an elongated series of down- 
faulted blocks in the headwaters of the Arkansas River drainage. The basin 
is bounded on the north by the Sawatch Range and on the east by the Mosquito 
Range. Basin-fill deposits of Tertiary age and glacial-outwash deposits of 
Quaternary age occupy about 100 mi 2 of the Leadville ground-water basin. The 
glacial deposits cover the basin-fill deposits in about three-fourths of the 
basin; thicknesses are as much as 400 ft, but probably average about 100 ft. 
Minor quantities of alluvium have been deposited along the Arkansas River and 
in tributary valleys.



Geophysical investigations (Tweto and Case, 1972) indicate the glacial 
and basin-fill deposits may be 3,000 to 4,000 ft thick in the south-central 
part of the Leadville ground-water basin. Ogden Tweto (U.S. Geological 
Survey, written commun., 1964) analyzed cuttings from two wells located in 
sec. 27, T. 9 S., R. 80 W., and determined the glacial deposits to be 80 to 
90 ft thick and the underlying Dry Union Formation of Tertiary age to be 500 
to 600 ft thick. One of these wells, SC00908027DBC, was reported to yield 
180 gal/min. The top of the Dry Union Formation generally lies within 100 ft 
of the land surface. Water levels in the glacial deposits range from 1 to 
more than 100 ft but generally are 2 to 40 ft below land surface. Water 
levels in the Dry Union Formation generally range from 20 to 200 ft below 
land surface, being deeper near the mountains and shallower near the Arkansas 
River and the downstream reaches of its major tributaries.

Buena Vista-Salida Basin

The Buena Vista-Salida ground-water basin occupies a downfaulted trough 
in the Precambrian basement rock. The basin, which extends from several 
miles north of Buena Vista southward to Poncha Pass and southwest to Salida 
(pi. 1), is flanked on the west by the Sawatch Range and on the east by the 
Mosquito Range. Deposits of coarse alluvium occur adjacent to the Arkansas 
River along the east margin of the basin. Nine sequences of multiple-stage 
glacial-outwash deposits, consisting mainly of tightly packed rounded cobbles 
and boulders, have been described by Van Alstine (1969). In about 200 mi2 of 
the basin, fine-grained deposits of the Dry Union Formation underlie the 
glacial-outwash deposits. The Dry Union Formation consists of as much as 
4,000 ft of clay, silt, sand, and gravel. The sediments locally contain 
volcanic-glass, bentonite, and rhyolitic-tuff layers (Van Alstine, 1969).

The thickness and hydrologic properties of the alluvial and basin-fill 
deposits of the Buena Vista-Salida ground-water basin were determined from 
surface geophysical resistivity surveys made at two locations shown on 
plate 1 (Zohdy and others, 1971). Data from Resistivity section A-A 1 in 
figure 2 indicates the thickness of the basin-fill deposits south of Buena 
Vista to be as much as 4,600 ft. A test well (SC01407830DAA) was drilled to 
a depth of 1,000 ft along the line of the resistivity section to verify the 
electrical-resistivity interpretations. A log of the rock types penetrated 
by this well is presented in the Supplemental Information section and corre 
sponds to a description of the Dry Union Formation by Van Alstine (1969). 
The water level was 26 ft below land surface when the well was completed. 
Data obtained from resistivity section B-B 1 (fig. 2) near Salida indicate the 
thickness of the alluvial and basin-fill deposits exceeds 4,000 ft.

Water for domestic and stock use in the Buena Vista-Salida ground-water 
basin is obtained from wells in the alluvial deposits at depths generally 
less than 100 ft. In the southern one-half of the basin, the Dry Union For 
mation yields water to wells that are generally 100 to 200 ft deep.
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Along the western margin of the Buena Vista-Salida ground-^water basin 
there are springs that discharge warm to hot mineralized water. Many of thse 
springs have been developed for commercial purposes by resort hotels. There 
is also interest in the development of geothermal resources in this area.

The source of water issuing from these springs and the source of the 
heat warming the water probably is the intrusive igneous rocks of Tertiary 
age that borders the basin. Another possible source of warm water is the 
deeper part of the basin-fill aquifer. In the thick basin-fill deposits of 
the upper Arkansas River basin, water with temperatures of 30 to 40°C might 
be developed from depths of 2,000 to 3,000 ft.

A temperature profile was obtained for test well SC01407830DAA near 
Buena Vista. The temperature profile is shown in figure 3 and a list of tem 
peratures at selected depths is given in table 2. A temperature gradient of 
1.1° and 1.4°C per 100 ft was measured to a depth of about 600 ft. These 
gradients are similar to the average temperature gradient of 1.2°C per 100 ft 
for the confined aquifer of the San Luis Valley (Emery and others, 1973), but 
is relatively large compared to typical gradients of 0.5° to 0.7° per 100 ft 
observed by Keys and MacCary (1971) in similar materials.

Table 2. Temperature log of well SC01407830DAA

Depth, 
in feet,

30
50
100
150
200
250
300
354
400
450
500
550
565
580
600
610
620
630
640
650

Water 
temperature, in 
degrees Celsius

9.55
9.55
10.10
10.40
10.72
11.33
11.85
12.43
13.07
13.74
14.44
15.00
15.05
15.36
15.80
15.96
16.06
16.15
16.26
16.35

Depth, 
in feet

675
700
725
750
760
770
780
790
800
810
820
830
840
860
880
900
920
940
960
974

Water 
temperature, in 
degrees Celsius

16.44
16.55
16.64
16.72
16.75
16.79
16.82
16.86
16.95
17.07
17.21
17.52
17.83
18.14
18.40
18.61
18.82
19.05
19.27
19.40
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The temperature profile shown in figure 3 also indicates there is 
vertical movement of fluid in or adjacent to the well bore. The figure shows 
there are changes in the temperature gradient in the well bore between depths 
of about 600 and 800 ft. From 600 to 650 ft, the temperature gradient begins 
to decrease and is about 0.4°C per 100 ft from 650 to 800 ft. The gradient 
decrease probably results from downward movement of cool water that enters 
the well casing in the upper perforated interval (599 to 641 ft). At approx 
imately 800 ft the gradient again changes, probably due to water flowing out 
of the casing through the lower perforated interval (767 to 1,000 ft). At 
approximately 850 ft the gradient was once again about 1.0°C per 100 ft. The 
downward movement indicates either a deep circulatory flow pattern for a 
single continuous aquifer, or two or more aquifers separated by a confining 
or partly confining layer. The driller's log indicated a single continuous 
aquifer.

Wet Mountain Valley

The Wet Mountain Valley (pi. 1), located approximately 60 mi southwest 
of Pueblo, is an intermontane, downfaulted trough flanked on the west by the 
Sangre de Cristo Range and on the east by the Wet Mountains. The valley con 
tains basin-fill deposits of Tertiary age and glacial and alluvial deposits 
of Quaternary age. The basin-fill deposits are represented by the Santa Fe 
Formation, which is correlative with the Dry Union Formation in the Leadville 
and Buena Vista-Salida ground-water basins. The Santa Fe Formation, derived 
from erosion of the surrounding mountains, consists of as much as 6,700 ft of 
clay, silt, fine gravel, and sand that is exposed in about 230 mi 2 of the Wet 
Mountain Valley. Glaciation of the Sangre de Cristo Range has formed glacial 
moraine and outwash deposits that overlie the Santa Fe Formation. Alluvial 
deposits of sand and gravel derived from the Wet Mountains also have been 
deposited on the basin fill.

A resistivity section near Westcliffe (Londquist and Livingston, 1978, 
p. 9) indicates a thickening of the alluvial and basin-fill deposits to the 
west, away from the Wet Mountains. A 1,200-ft deep test well (SC02307206AAB1) 
was drilled along the resistivity section. The test well was completed in a 
confined (artesian) zone and flowed at a rate of approximately 20 gal/min. A 
summary of the rock types penetrated by this test well is presented by 
Londquist and Livingston (1978, p. 45). Resistivity sections here and in the 
Buena Vista-Salida basin (fig. 2) indicate the most permeable rock materials 
occur in the upper 1,000 ft of the basin-fill deposits.

In the Wet Mountain Valley, ground water occurs in the alluvial, 
glacial, and basin-fill deposits under confined and unconfined conditions. 
Domestic and stock wells are completed in the glacial-outwash deposits at 
depths ranging from 20 to 90 ft in the northern part of the valley. Glacial- 
outwash deposits generally are drained in the southern part of the valley and 
wells obtain water from the underlying basin-fill deposits. Several flowing 
wells have been completed in the basin-fill deposits.
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Consolidated-Rock Aquifers

The upper Arkansas River basin is underlain by a variety of igneous, 
sedimentary, and metamorphic rocks, including latite, andesite, rhyolite, 
granite, shale, sandstone, limestone, conglomerate, and gneiss. All these 
rock types are capable of yielding water to wells or springs and thus are 
defined as aquifers. The areal distribution of the various consolidated-rock 
aquifers is shown in plate 1.

Igneous-rock aquifers of Tertiary age include both volcanic rock and 
intrusive rock. The volcanic rocks consist of flows, flow breccias, lahars, 
and tuffs and range in composition from rhyolite to latite and andesite to 
basalt. The greatest reported thickness is 1,500 ft near the south end of 
the Wet Mountains. Individual beds may range in thickness from a few feet to 
a few tens of feet.

Water in the volcanic rocks occurs in the interstices of the tuff and in 
fractures in the flows. Water also may be present in the interstices of sand 
and gravel units which exist between individual flows and tuffs. Yields to 
wells generally are less than 10 gal/min although locally yields could be 
several times larger. Springs may issue from the rock where saturated perme 
able zones intersect the land surface.

The intrusive rocks consist of quartz monzonite, granodiorite, and 
quartz-diorite porphyries, some of which are of Tertiary age, and some of 
which are partly of Tertiary age and partly of Late Cretaceous age. Water in 
these rocks occurs only in fractures and may be unconfined or confined, 
depending on the individual fracture systems. No wells are known to have 
been developed in these rocks because of the rugged topography associated 
with these intrusives rather than their potential as a water supply. As pre 
viously discussed, these rocks probably are the source of the water and heat 
for the hot springs which occur along the western margins of the Buena Vista- 
Salida ground-water basin southwest of Buena Vista. Many of these springs 
have been developed for commercial purposes by resort hotels. The discharge 
of most springs is less than 20 gal/min, but groups of springs may discharge 
as much as 300 gal/min. Water temperatures of the springs generally are 53° 
to 58°C. Hortense Hot Springs (SC01507924BDA) has a temperature of 80°C  
reportedly the hottest in the State (Pearl, 1972).

Sedimentary rocks of Tertiary age include the Poison Canyon Formation 
and the Raton Formation, which also is of Cretaceous age. The Raton and the 
Poison Canyon Formations are restricted to a small structural basin that 
extends south of the Arkansas River between Canon City and Florence. The 
Poison Canyon Formation consists of massive sandstone and comglomerate as 
much as 550 ft thick. The Raton Formation consists of interbedded sandstone, 
siltstone, shale, and coal as much as 500 ft thick. Locally, both the Poison 
Canyon and the Raton Formations may yield small quatities of water to wells.

Sedimentary rocks of Cretaceous age are restricted almost exclusively to 
the area east of Canon City (pi. 1). Upper Cretaceous rocks generally are 
drab in color and consist primarily of shale and limestone with a few minor 
sandstones.
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The Verraejo Formation of Cretaceous age consists of as much as 340 ft of 
buff to gray sandstone and interbedded gray to black carbonaceous silty shale 
and coal that overlie the Trinidad Sandstone. The distribution of the Ver 
raejo Formation is restricted to a small synclinal basin south of Canon City. 
Several wells drilled into the Vermejo Formation yield highly mineralized 
water believed to come from abandoned coal mines. Seepage from mine portals 
was observed in several outcrops.

The Trinidad Sandstone is restricted to about 43 mi 2 in the synclinal 
basin south of Canon City. The Trinidad Sandstone is a light-gray to buff, 
medium- to fine-grained, massive sandstone, as much as 60 ft thick, that 
crops out in a narrow band on the west side of the basin where its attitude 
is nearly vertical. A few domestic wells penetrate the Trinidad Sandstone at 
depths of less than 200 ft near the outcrop south of the Arkansas River. Re 
ported well yields from the Trinidad Sandstone range from 20 to 100 gal/min.

The Niobrara Formation consists of the Smokey Hill Shale Member and the 
Fort Hays Limestone Member. The Smokey Hill Shale Member, which consists of 
gray to buff gypsiferous shale as much as 700 ft thick (Scott, 1969), is not 
an aquifer. The Fort Hays Limestone Member consists of light-gray to chalky 
limestone beds separated by chalky shale partings as much as 40 ft thick. 
The Fort Hays Limestone Member and the underlying Codell Sandstone Member of 
the Carlile Shale cap most of the mesas and buttes in the plains east of the 
foothills, as well as the prominent escarpment along the Arkansas River. The 
Fort Hays Limestone produces the most water in the Penrose area (pi. 1) where 
it lies at or near the land surface. Water is contained in fractures and 
possibly in solution openings in the limestone beds. The Fort Hays Limestone 
is reported to yield as much as 110 gal/min.

The Bridge Creek Limestone Member of the Greenhorn Limestone consists of 
light-gray, thin-bedded limestone interbedded with dark-gray shale as much as 
55 ft thick. The beds of limestone range in thickness from about 1 in. to 
about 1 ft and the shale beds may range in thickness from a few inches to 
several feet. The Bridge Creek Limestone Member is dense and has little 
permeability, but where fractures occur, the unit may yield as much as 
40 gal/min of highly mineralized water to wells. The base of the Bridge Creek 
Limestone lies 180 to 220 ft above the top of the Dakota Sandstone. The rocks 
between the Bridge Creek Limestone and Dakota Sandstone are not aquifers.

Sandstones of Early Cretaceous age are the most productive consolidated- 
rock aquifers. The Lower Cretaceous aquifers occur in two formations the 
Dakota Sandstone and the underlying Purgatoire Formation. The Dakota 
Sandstone is the principal source of water throughout the plains east of the 
mountains. This area historically is one of cattle grazing and most of the 
early wells were drilled to supply stock water. Water has been obtained from 
wells completed in the Dakota Sandstone since about 1900. As the larger 
cattle ranches were subdivided, the rural population and the number of wells 
increased. Most of the wells were completed in the upper 50 ft of the Dakota 
Sandstone and yielded sufficient water for stock and domestic uses. The 
discovery of oil in the Florence and Canon City areas resulted in exploratory 
drilling and greater development of the Dakota aquifer.
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The Dakota Sandstone consists of a fine- to medium-grained sandstone 
that is interbedded with varying quantities of shale, mudstone, clay, and 
some lignite. Individual beds are variable in thickness and lithology. 
Locally, the entire formation may consist of sandstone. Stratigraphically, 
the Dakota Sandstone lies 450 to 500 ft below the Fort Hays Limestone Member 
of the Niobrara Formation.

The Purgatoire Formation consists of two members the Glencairn Shale 
and the Lytle Sandstone. In some adjacent areas, the Glencairn Shale Member 
is correlative to the Kiowa Shale and the Lytle Sandstone Member is correla 
tive to the Cheyenne Sandstone. The two members may not be recognizable 
throughout the upper Arkansas River basin because the Glencairn Shale becomes 
increasingly sandy toward the foothills. In the following discussions of the 
Lower Cretaceous aquifers, the authors have used data from a thesis by Long 
(1951).

The Glencairn Shale Member contains a variety of rock types; however, 
gray shale, sandy shale, thin-bedded sandstone, and siltstone predominate. 
Immediately east of Beulah, sandy sediments predominate. Several miles east 
of the foothills, the Glencairn is almost entirely shale.

The Lytle Sandstone Member is characteristically a massive, fine- to 
medium-grained sandstone containing conglomeratic lenses and thin beds of 
variegated siltstone. Water in the Lytle is confined by the overlying Glen 
cairn Shale Member.

The Dakota Sandstone and the Purgatoire Formation together form an aqui 
fer referred to in this report as the Dakota-Purgatoire aquifer. As mentioned 
previously, this aquifer is widely used as a dependable water supply through 
out the central regions of the United States, and its potential for develop 
ment in eastern Colorado is good. In outcrop areas, the Dakota-Purgatoire 
aquifer is unconfined. In the foothills areas, where the aquifer is upturned 
and forms ridges and hills, it is nearly drained. The altitude of the top of 
the Dakota Sandstone is shown on plate 4.

Depths to the top of the Dakota-Purgatoire aquifer range from 0 to 
4,500 ft. In areas where the aquifer dips gently away from the outcrop, the 
depth to the top of the aquifer may be relatively small even at large 
distances away from the outcrop. In areas where the beds in the outcrop are 
vertical or nearly vertical, the depth to the aquifer may be large even at 
short distances from the outcrop. West and southwest of Wetmore, where the 
Dakota Sandstone is nearly vertical, test holes a short distance east of the 
outcrop may have to be drilled as deep as 1,900 ft to reach the sandstone.

Faulting, although common in the western one-half of the area, generally 
does not cause displacement of the Dakota Sandstone by more than 50 ft. An 
exception is the major fault located east of Florence (pi. 4) where the 
strike is northward and the block west of the fault has been downthrown. Ver 
tical displacement along this fault ranges from 1,500 ft to several thousand 
feet. The downthrown block forms a basin bounded by the fault to the east.
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The rocks within this basin include several thousand feet of Pierre Shale and 
1,000 to 1,500 ft of Tertiary coal-bearing deposits. The deepest part of the 
basin presumably contains the Tertiary beds where the Dakota Sandstone is es 
timated to be as deep as 4,500 ft below land surface. The depth to the top of 
the aquifer can be estimated for any particular location by subtracting the 
altitude of the top of the aquifer (pi. 4) from the altitude of land surface.

The potentiometric surface for the Dakota-Purgatoire aquifer is shown on 
plate 5. This map shows the altitude to which water will rise in a well com 
pleted in the aquifer and the direction of ground-water movement. Water will 
flow from a well at any site where the potentiometric surface is above the 
land surface. Yields of flowing wells range from a few gallons per minute to 
as much as 150 gal/min. A spring (SC02406727CBC) located between Colorado 
City and Rye was reported to yield several hundred gallons per minute.

Maximum yield from the unfractured Dakota-Purgatoire aquifer is bout 
300 gal/min where the aquifer is fully saturated. Greater yields" are 
obtained where the aquifer contains open fractures. In some wells, yields 
that were initially 30 to 40 gal/min have been increased to 90 to 120 gal/min 
by hydraulically fracturing the sandstones of the Dakota-Purgatoire aquifer. 
(The theory and process of hydraulic fracturing is described in detail by 
Howard and Fast, 1970). Water is pumped from the aquifer mostly for stock 
and domestic use in the study area. Pumping of the Pueblo West well field for 
irrigation and public supply probably is the largest source of discharge from 
the Dakota-Purgatoire aquifer.

Pre-Cretaceous Sedimentary Aquifers

Aquifers of pre-Cretaceous age, which underlie the Dakota-Purgatoire 
aquifer, are the Morrison Formation of Late Jurassic age, the Fountain 
Formation of Pennsylvanian and Permian age, and the Harding Sandstone of 
Ordovician age. Hydrologic data pertaining to these aquifers are sparse, 
probably because development of the aquifers generally is not feasible due to 
the great depths. Outcrops of the formations in the foothills area along the 
east side of the Rocky Mountains are generally void of ground water.

The Morrison Formation consists of as much as 350 ft of green, drab, or 
gray mudstone containing numerous lenses of freshwater limestone and beds of 
variegated mudstone and sandstone. As exposed on the west slope of the 
hogback west of Canon City, the Morrison Formation includes 150 ft of 
alternating sandstone and shale, 160 ft of purple and green shale, and 4 ft 
of prominent freshwater limestone underlain by 40 ft of pale-bluish-green 
massive shale and sandstone.

Yield to wells completed in the Morrison Formation is obtained from
sandstone layers and from fractures in the shale and limestone. Reported
yields from these wells range from 12 to 60 gal/min.
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The Fountain Formation consists of as much as 4,500 ft of fractured, 
coarse-grained, pink to buff, arkosic and conglomeritic sandstone and shale, 
partly interstratified with beds of red siltstone. The arkosic sandstone 
beds are composed of poorly sorted angular quartz and feldspar. The Fountain 
Formation is exposed extensively northeast of Canon City and along the flanks 
of the Wet Mountains between Beulah and Wetmore. Near Beulah the estimated 
thickness of the Fountain Formation is 1,000 ft. East of the Front Range, 
few wells are completed in the Fountain Formation because of its great depth. 
Well SC02006704CAB was drilled to a depth of 3,000 ft and completed in the 
Fountain Formation. This well was reported to flow 400 gal/min in 1971, but 
in 1974 the flow had decreased to about 30 gal/min. An oil test at well 
SC02006704CCA was drilled in 1959 to a depth of 4,500 ft. This well pene 
trated the Fountain Formation and 20 ft of the underlying Harding Sandstone 
before granite was encountered at 4,497 ft.

The Harding Sandstone, the oldest sedimentary rock formation exposed in 
the upper Arkansas River basin, consists of thin-bedded, cross-laminated, 
slightly calcareous, fine-grained "quartzose sandstone having a white to 
lavender color. Wells drilled into the Harding Sandstone generally yield 
less than 50 gal/min. The Harding Sandstone can be deeply buried nearly 
4,477 ft below land surface in the oil test at SC02006704CCA.

Precambrian Rocks

The crystalline rocks of Precambrian age consist of both igneous and 
metamorphic rocks. The igneous rocks are composed of pinkish-gray, massive 
to foliated, medium- to coarse-grained hornblende or biotite granodiorite; 
dark-gray massive to foliated hornblende-biotite quartz diorite; and coarse 
grained prophyritic biotite granite. These rocks have been intruded into the 
older metamorphic rocks. The metamorphic rocks are composed of layered 
feldspathic biotite-quartz-plagioclase gneiss with some garnetiferous, horn- 
blendic, and sillimanitic varieties. Many of the metamorphic rocks have been 
converted to migmatites.

Water occurs only in the fractures in the crystalline rock. The more 
closely spaced the fractures, the better the chance for obtaining a well with 
adequate yield; the further apart the fractures, the smaller the chance of 
obtaining a well, and usually, though not always, the well yield will be 
smaller. Well yields generally are less than 10 gal/min and average, per 
haps, less than 5 gal/min. Well depths commonly are less than 200 to 300 ft. 
Usually, it is impractical to drill deeper because the extent of fracturing 
decreases with depth.

Movement

Surface runoff from the surrounding mountains is the primary source of 
water entering aquifers in the intermontane basins. Much of this water infil 
trates the unconsolidated aquifers as the streams flow from the mountains 
onto the aquifers. Other sources of recharge include underflow from rocks of 
the mountains and direct precipitation on the basins. After the water infil 
trates, it moves downgradient and is discharged by springs or to streams, 
lost to evapotranspiration, or flows out of the basins as underflow.
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The consolidated-rock aquifers are recharged primarily by infiltration 
of streams flowing over outcrop areas or direct infiltration of precipita 
tion. The water then moves downgradient where it is discharged by wells or 
springs and possibly by streams. Water also may be discharged by slow upward 
leakage through confining beds where confined conditions exist. The general 
direction of water movement in the Dakota-Purgatoire aquifer is shown by the 
flow lines on plate 5. The flow lines indicate that water moves toward the 
Arkansas River where it is discharged to flowing wells or to the river, and 
toward the east, outside the area of investigation.

Storage

Aquifers in the upper Arkansas River basin with significant volumes of 
water in storage are the unconsolidated deposits in the Leadville and the 
Buena Vista-Salida basins and the Wet Mountain Valley. No data are available 
on the storage coefficient of these deposits; however, based on lithology, 
0.15 is assumed. The following table gives the area of each of the three 
basins and the estimated volumes of ground water in storage in the upper 
200 ft of saturated material:

_ . Area of deposits, Storage,
square miles million acre-feet

Leadville             100 1.9
Buena Vista-Salida      200 3.8
Wet Mountain           233 4.5

Total            533 10.2

SURFACE WATER

The surface-water resources of the upper Arkansas River basin are vital 
to the economy of the area. Most of the water for agriculture is obtained by 
direct diversion of surface water from the Arkansas River and its tributaries 
rather than from pumping of ground water. Streamflow in the upper Arkansas 
River basin is derived from melt water from the high-altitude snowpack, 
direct runoff from precipitation, transmountain diversions, return flow from 
irrigation, water released from reservoir storage, and ground-water inflow to 
streams. The ground-water contributions occur as springs, streamflow gains, 
and mine drainage.
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Table 3. Precipitation and evaporation stations, September 1979

Station
Lati 
tude

Longi 
tude

Altitude 
(feet)

Years of record

Precipitation

DUUUcl VJ.UL.cl           

Canon City          

Guffey 10 SE         

Leadville 2 SW      
Rye               
Co T -{ A n _ _

VV W» k7 1^ \^ >ii. *L J- J» t-

Station

   JO JL
OQ O o/; f

39°22*«/ j ** t*
o o o > i f

39°14'
37°55'
OO O o 0 »

00 O f\Q 1

Lati 
tude

1UU \JO

105°16 f 

106°ir 
105°23 f

106°19 f 
104°56' 
106°03' 
105°29'

Longi 
tude

/ , y ju

5,343 
11,350 
8,200

9,938 
6,790 
7,488 
7,860

Altitude 
(feet)

/ 1

91
47 
27

4 
35 
10 
71

Years of

Precipi 
tation

record

Evapo 
ration

Precipitation and Evaporation

Reservoir    
Pueblo 6 SSW        
Sugar Loaf Reservoir  
Twin Lakes Reservoir 

38°16' 
38 0 H' 
39°15' 
39°05'

104°43' 
104°39' 
106°22' 
106°19 f

4,
4,910
9,738
9,300

9
29
26

9
29

lrTwin Lakes evaporation data not published.

Precipitation

Precipitation in the upper Arkansas River basin occurs as rainfall, 
snowfall, and all intermediate forms, such as hail and sleet. Because of the 
orographic effect of the Rocky Mountains, storms moving into Colorado from 
the Pacific during the winter months tend to deposit most of their moisture 
on the western slope of the mountains. Summer storms, which usually result 
from moisture brought into the area from the Gulf of Mexico by atmospheric 
lows forming south of the study area, generally occur on the plains east of 
the mountains. The distribution of mean annual precipitation in the upper 
Arkansas River basin for 1931-60 is shown on plate 2.
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Rainfall in the summer months is characterized by intense thunderstorms 
or cloudbursts. These storms generally are localized, resulting in pro 
nounced, but short-duration, runoff peaks. Precipitation from winter storms 
falling as snow accumulates at the higher altitudes and forms the mountain 
snowpack. This natural storage of water aggregates throughout the winter 
months and is released to ground water and to streamflow during the warmer 
months in late spring and early summer.

Data for 12 evaporation and precipitation stations (table 3) located 
within the study area (pi. 6) are published by the National Oceanic and 
Atmospheric Administration (National Weather Service, 1979). The monthly 
precipitation values at Buena Vista and at Canon City for 1979 are shown in 
figure 4. Measurements of snow depth and water content are made during 
February to May and are published by the Snow Survey Unit of the U.S. Soil 
Conservation Service (1972, 1978, 1979). Twelve snow courses operated in the 
study area during the winter of 1979 are listed in table 4 and shown on 
plate 6. The mean water equivalents of the snowpack at snow courses near 
Tennessee and Monarch Passes for February to May (1963 to 1977) are shown in 
figure 4.

Table 4. Snow courses operated by the 
U.S. Soil Conservation Service, 1979

Snow course

Bigelow Divide      -
Cooper Hill         - 
East Fork          -
rUUL I1J.XC £CtLt\.

Number

5L03
^VOQ

6K17
6K07
6vn«

Section

29 
13 
16
27 
Q

Town 
ship

22 S. 
8 S. 
8 S.

11 S. 
ft c

Range

69 W. 
80 W. 
79 W. 
81 W.
7Q T.T

Altitude 
(feet)

9,350 
11,000 
10,700
9,700 

11 /, nn

Gar field           6L08 33 50 N. 6 E. 9,900
Hermit Lake        5L04 36 45 N. 12 E. 10,400
Monarch Pass        6L04 16 49 N. 6 E. 10,500
South Colony        5M13 16 24 S. 73 W. 11,140
Tennessee Pass      6K02 21 8 S. 80 W. 10,200

Twin Lakes tunnel    6K03S 22 US. 82 W. 10,100
Westcliffe         5L02 19 22 S. 73 W. 9,000
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BUENA VISTA
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CANON CITY

20

15
35 < 
u. >
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TENNESSEE PASS

F M A M 

MONARCH PASS

Figure 4. Monthly precipitation at Buena Vista and Canon City, 
1979, and mean first-of-month water equivalent of snow pack at 
Tennessee and Monarch Passes, 1963-77.
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Streamflow

In September 1979, there were 26 streamflow gages in operation in the 
Arkansas River basin upstream from Pueblo (pi. 6). The records for 21 of 
these stations are published annually by the U.S. Geological Survey. Data 
for the other operating stations are available from the Colorado Division of 
Water Resources, Office of the State Engineer. Currently (1982) operating 
streamflow gages for which data are available are listed in table 5. In 
addition, records are available for 29 discontinued streamflow gages in the 
study area.

Springs make minor contributions to streamflow in the study area. 
Inspection of topographic maps of the area indicates that small springs occur 
in or near the channels of many tributaries. The water from some of the 
springs Soda Spring in Lake County and Yellow Soda Spring in Park County  
contains large quantities of dissolved minerals. Some of the larger springs 
are thermal (Romero and Fawcett, 1978). Examples of these are Hortense Hot 
Spring, Mount Princeton Hot Spring, Cottonwood Hot Springs, and Poncha Hot 
Spring in Chaffee County and the hot springs located near Wellsville, Swiss- 
dale, and Canon City in Fremont County (Barrett and Pearl, 1978) (pi. 6).

Several tunnels have been bored to drain mines in the Leadville and the 
Cripple Creek Mining Districts (Moran and Wentz, 1974). Though the contribu 
tions to the quantity of surface water from these mine drains are minor, the 
impact on the quality of the surface water is significant and is given spe 
cial consideration later in this report. The principal mine-drainage tunnels 
in the study area are the Yak, draining into California Gulch, and the Lead 
ville Drain, emptying into East Fork in the Leadville District; the Roosevelt 
Tunnel, discharging to Cripple Creek, and the Carlton Tunnel, draining into 
Fourmile Creek, in the Cripple Creek District. A fifth tunnel, the Canter 
bury, in the Leadville District, has been diverted into a fire main by the 
city of Leadville (Wright, 1961).

Transmountain Diversions

According to Colorado law, water may be appropriated and put to benefi 
cial use any place in the State, and the use is not restricted to the water 
shed where it originated (Radosevich and others, 1976). Streams east of the 
Rocky Mountains in Colorado generally are over-appropriated, whereas there 
are periods of surplus water in the Colorado River basin of western Colorado. 
These periods generally coincide with snowmelt runoff during the spring. It 
has long been the practice to intercept streams draining to the Colorado 
River in the high mountain areas and convey those waters by canal or tunnel 
to the headwaters of eastward draining streams. There are four transmountain 
ditches and four transmountain tunnels diverting water from the Colorado 
River basin into the Arkansas River basin within the study area. Records are 
published for mine diversions, including eight import stations into the 
Arkansas River basin and one export station from the basin. The diversions 
are listed in table 6, and their locations is shown on plate 6.

23



S
3

Ta
bl
e 
5
.
 
St

re
am

 fl
ow
-g
ag
in
g 

st
at
io
ns
, 

Se
pt

em
be

r 
19
79
 

[O
pe

ra
ti

ng
 
ag

en
cy

: 
A=
U.
S.
 
Ge
ol
og
ic
al
 
Su
rv
ey
; 

B*
=C

ol
or

ad
o 

Di
vi
si
on

 
of

 
Wa

te
r 

Re
so

ur
ce

s]

St
at
io
n 

nu
mb
er
 
an

d 
na
me
 

** 
La
ti
tu
de
 

ag
en

cy

07
08

12
00
 
Ar

ka
ns

as
 
Ri

ve
r 

ne
ar

 
Le
ad

vi
ll

e 
 
 

07
08
30
00
 
Ha

lf
mo

on
 
Cr
ee
k 

ne
ar

 
Ma
lt

a 
 
 
 
 
 

07
08

37
00
 
Ar

ka
ns

as
 
Ri
ve
r 

ne
ar

 
Ma
lt
a 
 
 
 
 
 

07
08

45
00
 

La
ke
 
Cr

ee
k 

ab
ov
e 

Tw
in
 L

ak
es

Re
se
rv
oi
r.

07
08

60
00
 
Ar

ka
ns

as
 
Ri
ve
r 

at
 
Gr
an
it

e 
 
 
 
 
 

07
08
65
00

 
Cl
ea
r 

Cr
ee
k 

ab
ov
e 

Cl
ea

r 
Cr
ee
k

Re
se
rv
oi
r.

07
08
72
00

 
Ar

ka
ns

as
 
Ri
ve
r 

at
 
Bu

en
a 

Vi
st

a 
 
 

07
08
90
00

 
Co

tt
on

wo
od

 
Cr
ee
k 

be
lo
w 

Ho
t

Sp
ri

ng
s,

 
ne

ar
 
Bu
en
a 

Vi
st
a.

07
09
12
00

 
Ar

ka
ns

as
 
Ri
ve
r 

ne
ar

 
Na
th
ro
p 
 
 
 

07
09

37
00
 
Ar
ka
ns
as
 
Ri

ve
r 

ne
ar
 
W
e
l
l
s
v
i
l
l
e
 

07
09
45
00
 

Ar
ka

ns
as

 
Ri
ve
r 

at
 
Pa
rk
da
le
  
 
 
 

07
09

50
00

 
Gr

ap
e 

Cr
ee

k 
ne

ar
 W

es
tc
li

ff
e 
 
 
 

07
09
60
00

 
Ar

ka
ns

as
 
Ri
ve
r 

at
 
Ca
no

n 
Ci

ty
  
 
 

07
09
65
00
 

Fo
ur
mi
le
 
Cr
ee
k 

ne
ar
 
Ca
no

n 
Ci

ty
  

07
09

70
00

 
Ar

ka
ns

as
 R

iv
er
 
at
 
Po
rt

la
nd

  
 
 
 

07
09

91
00
 
Be

av
er

 
Cr
ee
k 

ne
ar
 
Po
rt

la
nd

  
 
 
 

07
09

92
15
 

Tu
rk

ey
 
Cr

ee
k 

ne
ar

 
Fo

un
ta
in
  
 
 
 

07
09
92
30
 

Tu
rk

ey
 
Cr

ee
k 

ab
ov

e 
Te

ll
er

Re
se
rv
oi
r,
 
ne

ar
 
St
on
e 

Ci
ty

.
07
09
92
35
 

Tu
rk

ey
 
Cr
ee
k 

ne
ar
 
St

on
e 

Ci
ty

  
 
 

07
09
94
00

 
Ar
ka
ns
as
 
Ri
ve
r 

ab
ov
e 

Pu
eb
lo
- 
 
 
 

A A B B B A A A B B A B B A B A A A A B

39
'1
5'
26
"

39
*1

0*
20

"
39

01
0'
08
"

39
00
3'

47
"

39
°0

2
f3
4"

39
°o

ro
5"

38
°5
0'
56

f
38

°4
8'

46
"

38
°3
9'
08
"

38
03
2'

45
"

38
03
0'

20
"

38
°2

9'
14

M
3
8
°
i
r
i
O
"

38
° 
26
 '
02
"

38
02
6'

11
"

38
°2
3'
18
"

38
02
2'

27
"

38
°3
6'
42

H
38
°2
7'
37

M

38
°2

6
f2
7"

38
01

6'
17

H

Lo
ng

it
ud

e

10
6°

20
'3

5"
i n

£°
 t
i 

' t
 o
"

1 U
b 

 /
.>

 
17

 
10
6°
19

f2
3"

10
6°
24

f2
6"

10
6°
15

f5
5"

10
6°

16
'3

8"

10
6°

07
'2

7"
10

6°
13

'1
8"

10
6°
03

f0
2"

10
6°

00
f3
6"

10
5°

00
'2

r'
10

5°
22

'2
3"

10
5°

28
'5

9"
10
5°
15

I2
4"

1
0
5
°
i
r
2
7
"

10
5°

 0
0 
'5

6"
10

4°
57

'4
9
M

10
4°

53
'3

9"
10

4°
49

I1
9"

10
4°

49
'3

1"
10
4°
43

f0
6"

Dr
ai
na
ge
 
ar
ea
 

(s
qu
ar

e 
mi

le
s)

97
.2

9
1
 

f.
/-

> 
  
D

22
8.

0
75

.0

42
7.
0

67
.1

61
1.

0
65

.0

1,
06
0

1,
21

8

1,
48

5
2,
54
8

32
0

3,
11
7

42
3

4,
02
4

21
4 13
.0

62
.5

71
.5

4,
67
0

Pe
ri

od
 
of

 
re
co
rd

10
/6
7.

07
/4

6.
10
/6
4-
09
/6
7,
 
10

/7
4.

04
/4
6-
09
/6
2,
 
10

/6
3.

04
/1
0

1
.

05
/4

6.

10
/6

4.
10
/1
0-
09
/2
3,
 
08

/4
9.

10
/6

4.
10

/0
9

1
.

04
/6
1.

10
/4

5-
09

/5
5,

 
10
/6
4.

10
/2

4-
09

/6
1,

 
10
/6
2.

01
/1
88
8.

10
/4

8-
09

/5
3,

 
10
/7
0

1.

05
/3
9-
09
/5
2,
 
10

/7
4.

10
/7

0.
05

/7
8.

05
/7
8.

05
/7
8.

10
/6
5.

No
t 

Pu
bl

is
he

d

1 
La
ke

 
Fo

rk
 b

el
ow
 S
ug

ar
 
Lo

af
 
Re

se
rv

oi
r 
 
 

2 
La
ke
 
Cr
ee
k 

be
lo
w 
Tw
in
 
La
ke
s 

Re
se

rv
oi

r 
 

3 
Cl

ea
r 

Cr
ee
k 

be
lo

w 
Cl
ea
r 

Cr
ee

k
Re

se
rv

oi
r.

4 
Co
tt
on
wo
od
 
Cr

ee
k 

at
 
Bu
en
a 

Vi
st

a 
 
 
 
 
 
 

5 
Ch

al
k 

Cr
ee
k 

ne
ar
 
Na
th
ro
p 
 
 
 
 
 
 
 
 
 
 
 

B B B

39
° 
15
' 
05
"

39
° 
04

 '
34
"

3
9
°
0
r
2
0
"

38
°5

0'
19

"
S
S
^
'
S
l
"

10
6°

22
'2

8"
i n

fi
° 

i Q
 ' 
i"

i"
lU

o 
It
) 

Jj
 

i n
fi

° 
i /

. 
' f

i?
"

lU
u 

I*
» 

U/

10
6°
07

f3
0"

10
6
00
4'

56
M

*.
  
.*
. 
*.

 *
  
  

.
11

/7
4.

04
/6
8.

1 9
4 
6-

59
  
 s
um
me
r

on
ly
, 

10
/6
9.

11
/7

0.
11

/6
8.

E
a
r
l
i
e
r
,
 
ir

re
gu

la
r 

pe
ri
od
s 

of
 
re
co
rd
.



Table 6. Transmountain diversions into and out of the 
Arkansas River basin upstream from Pueblo, September 1979

[All locations are for Arkansas River basin end of conveyance structure]

Station Diversion Section Township Range Remarks

Transmountain diversions into the Arkansas River basin

09061500 Columbine ditch  -

09062000 Ewing ditch- 

09062500 Wurtz ditch-

09063700 Homestake tunnel  

9 8 S. 79 W. From Eagle River to
East Fork.

11 8 S. 80 W. From Eagle River to
Thayer Gulch.

17 8 S. 80 W. From Eagle River to
West Tennessee Creek,

9 9 S. 81 W. From Homestake Creek
to Lake Fork.

09073000 Twin Lakes tunnel  22 US. 82 W. From Roaring Fork
River to Lake Creek.

09077160 Charles H. Boustead 10 
Tunnel.

09077500 Busk-Ivanhoe tunnel 20

9 S. 81 W. From Fryingpan River 
to Lake Fork.

9 S. 81 W. From Ivanhoe Creek to 
Busk Creek.

09115000 Larkspur ditch    24 48 N. 6 E. From Tomichi Creek to
Poncha Creek.

Transmountain diversion from the Arkansas River basin upstream from Pueblo

07086300 Aurora-Homestake 
pipeline.

12 S. 79 W. From Arkansas River to 
South Platte River.

There has been a marked increase in the capacity and the volume (fig. 5) 
of transmountain imports during the past 2 decades. The Twin Lakes tunnel 
system was modified to increase capacity, and Wurtz ditch was extended to 
intercept additional tributaries. The annual imports of the Homestake tunnel, 
completed in 1967, have averaged 28,800 acre-ft, excluding those years when 
the tunnel was being repaired. The Homestake project is a municipal water- 
supply project owned jointly by the citiess of Colorado Springs and Aurora. 
Future plans call for extending the Homestake collection system (McCullough 
and Miskel, 1974).
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The construction of storage facilities and additional diversion systems 
in the upper basin for transmountain waters is primarily the result of the 
U.S. Bureau of Reclamation 1 s Fryingpan-Arkansas Project. The Charles H. 
Boustead Tunnel is a principal feature of that project. Imports through this 
tunnel began in May 1972 and are expected to average 69,200 acre-ft per year 
when the project is completed (U.S. Bureau of Reclamation, 1974).

Reservoir Storage

There are numerous lakes, both natural and manmade, located in the upper 
Arkansas River basin. Reservoirs are necessary for regulating water supply 
because of the seasonal patterns of runoff in the basin. Reservoirs store 
spring and early summer runoff for use in meeting water demands later in the 
year. Lakes and reservoirs in the area with capacities greater than 
1,000 acre-ft are tabulated in table 7. Some of the largest of these lakes 
have been constructed or enlarged within the past 15 years.

The new or enlarged reservoirs are features of the Fryingpan-Arkansas 
Project. New reservoirs associated with the project are Pueblo Reservoir, 
maximum initial capacity, 357,000 acre-ft, located on the Arkansas River in 
Pueblo County; and Mount Elbert forebay, an 11,530-acre-ft off-channel reser 
voir, lined with a polyethylene membrane to minimize seepage, which serves as 
a forebay to the Mount Elbert Powerplant at Twin Lakes in Lake County. Twin 
Lakes Reservoir, formerly owned by the Twin Lakes Reservoir and Canal Co., 
has been integrated into the Fryingpan-Arkansas Project, and the conservation 
capacity has been increased from 53,260 acre-ft to 68,000 acre-ft plus 
18,000 acre-ft inactive storage and 55,000 acre-ft dead storage. Before 
enlargement, dead storage was 36,300 acre-ft.

Sugar Loaf Reservoir (known also as Turquoise Lake), formerly owned by 
the CF&I Steel Corp., has been enlarged by the U.S. Bureau of Reclamation 
from 17,416 acre-ft to a total storage capacity of 129,490 acre-ft, of which 
120,490 acre-ft is active capacity. Storage in the enlarged Sugar Loaf Res 
ervoir began in April 1968.

Pueblo Reservoir is the most downstream storage feature of the Frying 
Pan-Arkansas project. The initial capacity was 357,000 acre-ft, of which 
234,000 acre-ft is designated conservation space; 30,000 acre-ft is permanent 
pool or inactive capacity; 66,000 acre-ft is for joint use; and 27,000 acre- 
ft is for flood control. The joint-use pool is used for conservation storage 
associated with a winter water-storage program and for supplemental flood 
contol. The winter water-storage program is a water-management program begun 
in December 1975 with the mutual consent of diverters downstream from the 
reservoir. Its purpose is to store enough water to satisfy water rights 
during the winter months for release in mid-to-late summer when crop demands 
are great and snowmelt runoff and precipitation are minimal. Storage in 
Pueblo Reservoir began on January 9, 1974; the dam was officially completed 
in August 1975.
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End-of-month contents for Turquoise Lake near Leadville and Pueblo Res 
ervoir near Pueblo are published by the U.S. Geological Survey (1979). Data 
on the contents of other reservoirs in the study area are available from the 
Colorado Division of Water Resources, Office of the State Engineer.

Colorado water law requires that, on the order of the Colorado State 
Engineer, releases be made from water in storage from each streambed reser 
voir in such quantities as are necessary to prevent depletion of the natural 
flow of the stream by evaporation from the water surface of the reservoir 
(Radosevich and others, 1975). For this reason, evaporation pans are located 
at or near all the major instream reservoirs in the basin, and the appropri 
ate quantity of water lost to evaporation is offset by a release of water 
owned by the reservoir operators.

Streamflow Characteristics

Streamflow in the upper Arkansas River basin is characterized by high 
spring and early summer runoffs resulting from snowmelt and relatively 
moderate flows for the remainder of the year. Regulation of water supply by 
storage, import, export, and diversion onto the land have modified these 
characteristics, but the general pattern of seasonal variation persists.

The streamflow-gaging station, 07083000 Halfmoon Creek near Malta, is a 
U.S. Geological Survey Hydrologic Bench-Mark Station which monitors the 
drainage from 23.6 mi2 of mostly forested terrain. The flow past this gage 
is natural, meaning there is no antecedent regulation or diversion. The 
record at this station is therefore used to illustrate unregulated flow in 
the upper Arkansas River basin. Because of the high altitude of this station 
(9,830 ft), the snowmelt-runoff peak may begin later than at gages further 
downstream. A hydrograph of daily Streamflow for Halfmoon Creek near Malta 
for a typical water year, 1973, is shown in figure 6.

The annual variation of Streamflow during water years 1962-79 for gage 
07083000 Halfmoon Creek near Malta is shown in figure 7. That figure compares 
18 years of annual recorded flow with the cumulative departure from the 18- 
year average annual flow. A comparison of that record with a record of pre 
cipitation at Twin Lakes Reservoir (fig. 8) and the record of April 1 water 
equivalent for the snow course at Tennessee Pass (fig. 9) for the same period 
shows the relationship between snowmelt, precipitation, and distribution of 
runoff for an unregulated stream.

The Streamflow gage 07093700 Arkansas River near Wellsville, is located 
immediately downstream from Salida and measures the runoff from a drainage 
basin of 1,485 mi2 . The watershed varies from forested areas of the Conti 
nental Divide on the west and the Mosquito Range on the east, to the broad 
alluvial valleys of the Leadville and the Buena Vista-Salida basins. A 
hydrograph showing the mean daily flow for a typical water year, 1973, of the 
Arkansas River near Wellsville is shown in figure 10. The annual discharge 
and cumulative departure for water years 1962-79 are shown in figure 11. 
From the Wellsville gage to Canon City, the Arkansas River flows through the 
steep-walled Arkansas River canyon.
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The streamflow gage 07096000 Arkansas River at Canon City, is located 
just downstream from the point where the Arkansas River exits from the Royal 
Gorge onto the Canon City Embayment. The Canon City gage measures the runoff 
from 3,117 mi2 , including the drainage upstream from the Wellsville gage, the 
area north of the Arkansas River and south of South Park, and the Wet 
Mountain Valley. (The surface-water resources of the Wet Mountain Valley are 
thoroughly discussed in a report by Londquist and Livingston, 1978). The 
mean daily flow for a typical water year, 1973, is shown in figure 12, and 
the annual discharge and cumulative departure for water years 1962-79 is 
shown in figure 13.

The natural flow of the Arkansas River at the gages near Wellsville and 
at Canon City is affected by transmountain diversions, storage reservoirs, 
power developments, diversions for irrigation, and return flows from irri 
gated areas. The irrigated area upstream from the Canon City gage is about 
56,000 acres, including 26,000 acres of irrigated land upstream from the 
Wellsville gage.

Flow-duration curves for streamflow gages 07083000, Halfmoon Creek near 
Malta (water years 1949-79); 07093700, Arkansas River near Wellsville (water 
years 1962-79); and 07096000, Arkansas River at Canon City (water years 1889- 
1979) are shown in figure 14. These curves indicate the percentage of time 
that a specified discharge is equaled or exceeded and describes the flow 
characteristics of a stream or streams through a range of discharge without 
regard to the sequence of occurrence. The comparatively steep slope of the 
flow-duration curve for Halfmoon Creek is characteristic of an unregulated 
stream affected primarily by ice during winter months and rapid flows during 
rainfall or snowmelt. In contrast, the more gentle profiles of discharge at 
Wellsville and Canon City indicate regulation by upstream reservoirs and 
ground water during periods of low flow.

Direct diversions of surface water from the Arkansas River and its tri 
butaries in the study area are used for municipal supplies, industry, power 
generation, and irrigation. Surface water provides all or part of the supply 
for 13 municipalities in the upper Arkansas River basin. Water for industrial 
use is withdrawn from the Arkansas and St. Charles Rivers by the CF&I Steel 
Corp. for use in their Pueblo steel mill (Adkins, 1962). Direct diversions 
of water for power generation will increase in the future when the Mount 
Elbert Powerplant at Twin Lakes Reservoir becomes operational, but this is a 
nonconsumptive use and the water will be returned to the river system; some 
consumptive use occurs at the Canon City fossil-fuel powerplant.

Irrigation constitutes the largest direct diversion of surface water. 
In the Leadville and the Buena Vista-Salida basins, the land is used to grow 
hay with flood-type irrigation. Truck farming predominates in the area around 
Canon City. Fruit orchards, wheat, corn, hay, and alfalfa also are grown in 
this downstream reach. Storage, diversion, and other forms of regulation of 
water generally result in water loss from the system. Evaporation of 
impounded water in reservoirs and loss of water during conveyance in natural 
channels are additional examples.
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When river-deposited alluvium and the river are hydraulically connected, 
an interchange of water is possible. Gain-loss studies conducted to evaluate 
transit losses of reservoir releases (Livingston, 1973) indicate the Arkansas 
River is a gaining stream through most of the study area. The data shown in 
figure 15 are adapted from that study and show the river to be gaining except 
for the short reach between streamflow gages 07091500, Arkansas River at 
Salida; and 07093700, Arkansas River near Wellsville.

Owners of reservoirs or transmountain diversions are permitted to convey 
water in natural stream channels to downstream delivery points. For the pro 
tection of all water rights along the stream, compensation must be made for 
any losses of water that may occur during conveyance. These transit losses 
are determined and assessed by the Colorado State Engineer (Radosevich and 
others, 1975). In the upper Arkansas River basin, a transit loss of 0.07 per 
cent per mile was established by court action (Sunnyside Park Ditch vs. 11. S. 
Hindelider, State Engineer; Court Case No. 3345; 1944-45). More recent tran 
sit-loss studies by the U.S. Geological Survey do not support the fixed value 
of 0.07 percent per mile (Livingston, 1973). The studies indicate the volume 
of transit loss varies according to antecedent river conditions, volume and 
duration of each release, and distance from point of release to point of 
diversion.

WATER QUALITY 

Ground Water

Movement of water is accompanied by continual changes in its chemical 
quality. As water from rain and melting snow infiltrates and percolates 
through the soil to the underlying aquifers, it immediately begins to 
dissolve materials in the soil and rocks. The quantity and character of the 
material dissolved depends on the quantity and quality of the infiltrating 
water, the chemical compsition of the soil and rocks, the rate and distance 
of water movement, and the temperature and pressure in the aquifer. In addi 
tion to dissolution of soil and rock material, other processes such as ion 
exchange, oxidation and reduction, and adsorption and desorption may further 
affect ground-water quality.

Many of the factors that determine ground-water quality show great vari 
ation from aquifer to aquifer and, at times, within the same aquifer. These 
variations result in large differences in ground-water quality, as illus 
trated by the graph of dissolved-solids concentrations in water from selected 
aquifers (fig. 16). The concentration of dissolved solids is often used as 
an overall indicator of water quality. In general, water with a smaller dis 
solved-solids concentration is considered to be of better quality than water 
with a larger concentration.

A more useful approach to evaluating water quality is based on the 
intended use of the water. Water of a quality suitable for irrigation or 
stock watering may not be suitable for drinking. The major uses of ground 
water in the upper Arkansas River basin are for domestic or municipal sup 
plies and for agricultural use, including both irrigation and stock watering.

40



STREAMFLOW GAGING STATIONS
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Criteria used for evaluating water for domestic or municipal supply are shown 
in table 8. Additional water-quality constituents, including other trace 
metals, pesticides, and radiochemical constituents, are of interest in drink 
ing water but were not evaluated because of the reconnaissance nature of this 
study. Criteria used in this report to evaluate water for agricultural uses 
are based on dissolved-solids concentrations, specific conductance, and 
sodium-adsorption ratio.

The following evaluation of the chemical quality of ground water is 
based on chemical analyses of water from 194 wells and springs in 18 aqui 
fers. The location of wells and springs sampled are shown on plate 7 and the 
resulting water-quality data are tabulated in the Supplemental Information 
section. The chemical quality of ground water in the Wet Mountain Valley has 
been discussed previously by Londquist and Livingston (1978).

Valley-Fill Deposits

The chemical quality of water produced from valley-fill deposits in the 
study area shows wide variations. Dissolved-solids concentrations of the 
ground water sampled ranged from 6.5 to 1,030 mg/L (milligrams per liter) 
(fig. 17). The smallest dissolved-solids concentrations generally occurred in 
water from wells completed in valley-fill deposits paralleling the Arkansas 
River and its tributaries in Lake and Chaffee Counties. The dissolved-solids 
concentration of water from wells completed in the valley-fill deposits along 
the main stem of the Arkansas River generally increases in the down-stream 
direction (fig. 17). High dissolved-solids concentrations in water from wells 
near Leadville probably result from degradation by mine drainage.

Water from most wells completed in the valley-fill deposits are of a 
calcium or calcium magnesium bicarbonate type. Several wells near Leadville, 
however, contain water with sulfate as the dominant or codominant anion. In 
the study area, sulfate is the dominant anion in mine-drainage water. Its 
presence in large concentrations in water from these wells is further evi 
dence of degradation by mine drainage. Well SC01507924BDD near Mount Prince- 
ton Hot Springs also produces water with sulfate as the major anion. Water 
from this well also contains large concentrations of sodium and fluoride and 
has a temperature of 63°C.

The suitability of water produced from the valley-fill deposits for 
domestic or municipal supply is summarized in table 9 which shows the number 
and percentage of water samples from the valley-fill deposits which exceeded 
the drinking-water-quality criteria shown in table 8. The data indicate that 
the most common drinking-water-quality problems in water produced from these 
deposits are excessive dissolved solids, hardness, and sodium. Because only 
one well-water sample from the valley-fill deposits was analyzed for mercury, 
it is not known if mercury is a water-quality problem in other locations 
where these deposits are used as a water supply.
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Table 8. Criteria used in evaluation of water suitability for domestic or public supply

Constituent Units Criteria 1 Type of criteria 2 Reason for criteria

pH standard pH units

Dissolved solids milligrams per liter

6.5-8.5

500

Hardness milligrams per liter 180 
as CaC03

Sodium milligrams per liter 20

Sulfate milligrams per liter 250

Chloride milligrams per liter 250

Fluoride milligrams per liter 6ranges from
	1.8 to 2.4

Nitrate milligrams per liter 10 
	as nitrogen

Copper micrograms per liter 1,000

Iron micrograms per liter 300

Lead micrograms per liter 50

Manganese micrograms per liter 50

Mercury micrograms per liter 2

Selenium micrograms per liter 10

Zinc micrograms per liter 5,000

Secondary drinking- 
water regulation3

Secondary drinking- 
water regulation3

No formal criterion

No formal criterion

Secondary drinking- 
water regulation3

Secondary drinking- 
water regulation3

Primary drinking- 
water regulation7

Primary drinking- 
water regulation7

Secondary drinking- 
water regulation3

Secondary drinking- 
water regulation 3

Primary drinking- 
water regulation7

Secondary drinking- 
water regulation7

Primary drinking- 
water regulation7

Primary drinking- 
water regulation7

Secondary drinking- 
water regulation3

pH values outside this range may cause corrosion 
of pipes and difficulties in water-treatment 
processes. 3

Water with greater concentrations of dissolved 
solids may have objectionable mineral taste. 3

Waters with greater concentrations of hardness 
are considered very hard. Water of the follow 
ing concentration ranges are classified as fol 
lows: 0-60 milligrams per liter, soft; 61-120 
milligrams per liter, moderately hard; 121-180 
milligrams per liter, hard; greater than 180 
milligrams per liter, vary hard. 4

Persons on a diet of very restricted sodium in 
take should not consume waters with concentra 
tions greater than the criteria. 5

Waters with greater concentrations may cause ob 
jectionable tastes, have a laxative effect on 
new users, and contribute to scale in boilers.

Waters with greater concentrations may have a 
salty taste. 3

Waters with greater concentrations may cause 
mottling of teeth. 8

Waters with greater concentrations may cause 
methemoglobinemia (blue-baby disease) when 
used for infant feeding. 8

Water with greater concentrations may cause 
objectionable tastes. 3

Water with greater concentration may cause 
objectionable tastes and cause stains on 
laundry or porcelain. 3

Waters with greater concentrations may cause 
lead poisoning. 8

Waters with greater concentrations may cause 
objectionable tastes and cause stains on 
laundry or porcelain. 2

Waters with greater concentrations may cause 
mercury poisoning. 8

Waters with greater concentrations may cause 
selenium toxicity. 8

Waters with greater concentration may cause 
objectionable tastes. 3 '

1Value which should not be exceeded, unless a range is given.
2Primary drinking water regulations are based primarily on anticipated health effects, and secondary drinking-water reg 

ulations are based primarily on the esthetic character of the water. While no formal criteria exist for hardness and sodium, 
information is included here because of widespread interest in these constituents.

3U.S. Environmental Protection Agency (1977).
4Durfor and Becker (1964).
5National Academy of Sciences, National Academy of Engineering (1972).
6Standard is dependent on average maximum air temperature and ranges in the study area from 1.8 milligrams per liter at 

Pueblo to 2.4 milligrams per liter at Leadville.
7 Colorado Department of Health (1977).
8U.S. Environmental Protection Agency (1976a).
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The suitability of water from valley-fill deposits for irrigation is 
dependent on several variables, the most important of which are the quality 
of the applied water, the type of soil and crops to be irrigated, and the 
irrigation practices used. A diagram used for classification of irrigation 
water, based on the sodium-adsorption ratio (SAR) and on specific conductance 
(the ability of water to conduct an electrical current), is shown in 
figure 18. This diagram is a useful tool in predicting potential sodium and 
salinity hazards of water for irrigation. The diagram has 16 different cate 
gories for classifying irrigation water, which are summarized in table 10. 
Waters produced from valley-fill deposits plot in the low-sodium hazard area 
of the diagram and should not present a sodium hazard when used for irriga 
tion. Water samples from several wells in Pueblo County and near Leadville 
plot in the C3 classification for specific conductance. Irrigation with these 
waters may require the implementation of special management practices out 
lined in table 10.

Water produced from the valley-fill aquifer commonly is used for water 
ing farm animals. These stock generally can tolerate very large concentra 
tions of dissolved solids. Studies have shown that chickens, swine, cattle, 
and sheep can tolerate waters with dissolved-solids concentrations in water 
as large as 15,000 mg/L (U.S. Environmental Protection Agency, 1976b, 
p. 208). Based on dissolved-solids concentrations, water from the valley-fill 
aquifer and from all other aquifers sampled during this study are suitable 
for stock watering.

As mentioned above, specific conductance can be used as a partial indi 
cator of irrigation-water quality. Specific conductance also is a very useful 
indicator of the concentration of the major dissolved chemical constituents, 
such as chloride, dissolved solids, hardness, sodium, or sulfate. If suffi 
cient data are available for a given aquifer or stream, relationships com 
monly can be developed between specific conductance and the major dissolved 
chemical constituents in the water. These relationships allow estimates to 
be made of the major dissolved chemical constituents based on the simple and 
inexpensive measurement of specific conductance. Such relationships have 
been developed for water produced from the valley-fill deposits and several 
other aquifers in the study area. The relationships for water produced from 
the valley-fill deposits are illustrated in figures 19 and 20 and are given 
mathematically in table 11. To estimate the expected concentration of any 
constituent shown in table 11, multiply the specific conductance, measured in 
micromhos per centimeter at 25°C, by the number in the "Slope" column for the 
constituent of interest and add or subtract the number in the "Intercept" 
column for the same constituent. The result will be the estimated expected 
concentration of the constituent, in milligrams per liter.

For example, suppose a sample of water was collected from a well com 
pleted in valley-fill deposits and the specific conductance was found to be 
380 micromhos. To estmate the expected hardness of the water, multiply 380 
by 0.479 (the number in the "Slope" column of table 11 for hardness in water 
produced from the valley-fill deposits) and subtract 18.6 (the number in the 
"Intercept" column of table 11 for hardness in water produced from the 
valley-fill deposits). The estimated hardness is 163 mg/L. The actual water 
hardness of the sample may differ from this value somewhat. The amount that 
it might vary is related to the standard error of estimate shown in table 11.
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Table 10. Salinity and sodium classifications for irrigation water 

[Adapted from U.S. Salinity Laboratory Staff) 1954)]

SALINITY

Class
Specific conductance,

in micromhos per 
centimeter at 25° Celsius

Comments

Cl (low)  

C2 (medium)

C3 (high)--

Less than 250

250-750

750-2,250

C4 (very high)-- Greater than 2,250

May be used for any crop on 
nearly all soils.

May be used if moderate leaching 
occurs.

Should be used only on soils 
with better than adequate 
drainage and for plants with 
good salt tolerance.

Not suitable for irrigation 
under ordinary conditions, 
but may be used on permeable 
soil with adequate drainage 
if water is applied in excess 
to provide considerable 
leaching. Very salt-tolerant 
plants should be selected.

SODIUM

Class Comments

51 (low)  

52 (medium)

53 (high)   

54 (very high)

May be used for any crop on nearly all soils.

May be used on coarse-textured (sandy) soils with good 
permeability; may present a moderate sodium problem in 
fine-textured (clay) soils unless gypsum is present.

May present sodium problems in most soil types.

Not suitable for irrigation of any crops in any soil, 
except under special conditions.

Sodium-adsorption-ratio range for each class is dependent 
on specific conductance (see figs. 25-27).
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Table 11. Information for estimating concentrations of selected chemical 
constituents from specific conductance for water produced 

from selected deposits or formations

[All regressions included are significant at the 95-percent confidence level 
and are based on the method of least squares]

Constituent to 
be estimated

Sodium          

Hardness        

Dissolved solids  

Dissolved solids  

Hardness        

Dissolved solids  

wd .L.L* .LL1UL

Magnesium       
net j. uiiwo o

Bicarbonate      
Ot-l ~* *>»bt J .__.Chloride        

Fluoride        
Dissolved solids  

Regression coefficients Correlation
Slope

0.054 
.130 
.037 
.479 
.162 
.027 
.414 
.760

0.162 
.018 
.484 
.547 
.015 
.590

Intercept coefficient (R)

Valley-Fill Deposits

-4.13 
-3.43 
-2.44 

-18.6 
81.7 
-1.25 

-91.9 
-43.2

Glacial Deposits

-5.05 
2.09 

-4.67 
1.12 

-1.81 
3.86

Dry Union Formation

0.104 -14.7 
.093 7.48 
.280 32.7 
.274 61.0 
.037 -6.89 
.210 -37.9 
.0014 .24 
.637 -6.11

Dakota-Purgatoire Aquifer

0.171 
.042 
.037 
.259 
.377 
.047 
.258 
.00029 
.748

-65.2 
39.4 
-8.44 
63.9 
23.5 

-17.6 
-66.2 

.45 
-81.6

0.76 
.93 
.88 
.94 
.60 
.42 
.87 
.98

0.96 
.72 
.98 
.93 
.63 
.99

0.68 
.82 
.76 
.75 
.77 
.82 
.45 
.99

0.79 
.51 
.56 
.57 
.79 
.67 
.61 
.49 
.98

Standard error 
of estimate

16.6 
17.6 
7.0 

59.3 
76.0 
20.7 
83.3 
47.6

3.9 
1.6 
9.1 
19.3 
1.7 
5.4

20.7 
12.0 
44.5 
44.1 
5.6 
26.6 

.5 
16.8

123.3 
65.5 
51.4 

347.0 
270.3 
48.4 

313.6 
.5 

155.7
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If the standard error of estimate is relatively large compared to the esti 
mated value, the actual hardness value could be considerably different from 
the estimated value. Similarly, if the standard error of estimate is small 
compared to the estimated value, the actual hardness is likely to be quite 
similar to the estimated value. Making similar calculations based on the 
measured specific conductance of 380 micromhos would result in the following 
estimated concentrations for other water-quality constituents in water from 
this well: sodium, 16 mg/L; calcium, 46 mg/L; magnesium, 12 mg/L; bicarbon 
ate, 143 mg/L; chloride, 9 mg/L; sulfate, 65 mg/L; and dissolved solids, 
246 mg/L.

Glacial Deposits

The chemical quality of water produced from glacial deposits is quite 
similar, both for dissolved solids (fig. 16) and for other major dissolved 
constituents. This similarity reflects the similarity of the conditions which 
produce these waters: infiltrating water is of uniform quality, resulting 
primarily from snowmelt runoff; and the composition of the aquifer materials 
are similar from place to place.

All chemical analyses of water produced from the glacial deposits indi 
cate the water is a calcium or calcium magnesium bicarbonate type, contains 
small dissolved-solids concentrations, and generally can be expected to meet 
the drinking-water criteria for all constituents (table 9). The water is 
suitable for irrigation (fig. 18, table 10), although water from some wells 
needs to be applied in sufficient quantities to allow moderate leaching of 
salts from the root zone.

Relationships have been developed to estimate expected concentrations of 
calcium, magnesium, hardness, bicarbonate, chloride, and dissolved solids 
based on specific conductance of water produced from glacial deposits 
(t^ble 11). Use of these relationships is the same as described previously 
in the section on quality of water produced from valley-fill deposits.

Basin-Fill Deposits

Ground water is pumped from basin-fill deposits in three basins in the 
study area; from the Santa Fe Formation in the Wet Mountain Valley and from 
the Dry Union Formation in the Leadville and the Buena Vista-Salida ground- 
water basins. The quality of ground water produced from the Santa Fe Forma 
tion in the Wet Mountain Valley has been adequately discussed by Londquist 
and Livingston (1978). The discussion which follows considers only the qual 
ity of water produced from the Dry Union Formation in the Leadville and the 
Buena Vista-Salida ground-water basins.

The concentration of dissolved solids in water produced from the Dry 
Union Formation ranged from 65 to 597 mg/L with a mean value of 193 mg/L 
(fig. 16). The greatest dissolved-solids concentrations were in water from 
wells in the Leadville area of Lake County and in the Browns Canyon-Salida- 
Poncha Springs area of Chaffee County (fig. 21).
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Figure 21. Areal variation in concentration of dissolved solids in wate 
produced from the Dry Union Formation in Lake and Chaffee Counties.
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Water from most wells sampled was of a calcium bicarbonate type. Water 
from several wells in the Leadville area and in the area between Salida and 
about 3 mi north of Browns Canyon, however, contained sodium as the dominant 
cation and sulfate as the dominant or codominant anion.

Water from the Dry Union Formation generally is suitable for use as a 
domestic or public supply (table 8). Large values of pH, and large concen 
trations of fluoride, hardness, and sodium can be expected to cause localized 
problems. Irrigation with water from the Dry Union Formation generally will 
not cause a salinity hazard if sufficient water is applied to cause moderate 
leaching when the specific conductance of the water exceeds 180 micromhos 
(fig. 18, table 10). A medium salinity hazard may exist when using water 
from wells in the Dry Union Formation which contain large concentrations of 
sodium. The hazard may be minimized by following the suggestions shown in 
table 10.

Relationships between specific conductance and sodium, calcium, hard 
ness, bicarbonate, chloride, sulfate, fluoride, and dissolved solids have 
been developed for water from the Dry Union Formation. These relationships 
are listed in table 11.

Dakota-Purgatoire Aquifer

Water from this aquifer generally is produced from two separate geologic 
units: the Dakota Sandstone and the Lytle (=Cheyenne Sandstone) Sandstone 
Member of the Purgatoire Formation. As noted earlier in the section on Hydro- 
logic Setting, the two formations are separated by a shale member, and many 
wells produce water from both sandstone units. The chemical quality of water 
from the two units generally is similar and will be discussed together.

The quality of water produced from the Dakota-Purgatoire aquifer shows 
the widest variations of any aquifer in the study area (fig. 16). The dis- 
solved-solids concentrations of the water ranged from 126 to 3,960 mg/L, with 
a mean of 870 mg/L. The smallest concentrations occurred near the outcrop of 
the aquifer in the vicinity of Colorado City, Rye, Beulah, and Wetmore 
(pi. 8). Water type also varied greatly in the Dakota-Purgatoire aquifer, as 
shown in plate 8. Calcium bicarbonate water predominates in the outcrop areas 
west and southwest of Pueblo, while sodium bicarbonate water predominates in 
the outcrop areas northwest of Pueblo. Away from the outcrop areas, sulfate 
increases to become a dominant or codominant anion.

The suitability of water from the Dakota-Purgatoire aquifer for domestic 
or public supply for the constituents analyzed during this study is summa 
rized in table 9. Water from this aquifer often exceeds the water-quality 
criteria shown in table 8 for sodium, hardness, sulfate, dissolved solids, 
iron, and manganese. In addition, the standard for nitrate was exceeded in 
four samples. All of these samples were collected in the area just east of 
Beulah. The large concentrations may therefore result from degradation by 
septic-tank effluent.
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Of four ground-water samples analyzed for mercury from the Dakota- 
Purgatoire aquifer, only one contained this constituent at concentrations 
greater than the drinking-water standard; similarly, 4 of 10 samples analyzed 
for selenium had concentrations greater than the standard. These data 
indicate that it may be wise to analyze samples from this aquifer for these 
constituents if the water is intended for drinking. In addition to possible 
water-quality problems related to mercury and selenium, a recent report by 
Felmlee and Cadigan (1979) indicates that water samples collected from some 
wells completed in the Dakota-Purgatoire aquifer in the Beulah-Colorado City- 
Rye area contain concentrations of radium in excess of the standard of 
5 picocuries per liter for drinking water (Colorado Department of Health, 
1977, p. 28). Many of these wells also contain relatively large concentra 
tions of uranium and radon.

Water from the Dakota-Purgatoire aquifer varies widely in its suitabil 
ity for irrigation use (fig. 22). Water from many wells completed in this 
aquifer is not suitable for irrigation or is suitable only under special con 
ditions (table 10). This situation indicates caution is necessary when using 
water from a well drilled in the Dakota-Purgatoire aquifer for irrigation 
without the benefit of an analysis for specific conductance and sodium- 
adsorption ratio. Relationships which can be used to predict concentrations 
of bicarbonate, calcium, chloride, dissolved solids, fluoride, hardness, 
magnesium, sodium, and sulfate for water produced from the Dakota-Purgatoire 
aquifer by using specific-conductance measurements have been developed and 
are listed in table 11.

Morrison Formation

Samples for chemical analysis were collected from seven wells completed 
in the Morrison Formation in southwestern Pueblo County. Concentrations of 
dissolved solids ranged from 476 mg/L to 1,830 mg/L with a mean value of 
798 mg/L. Water type is variable and does not show a consistent areal trend. 
The dominant cation may be calcium or sodium, often with a relatively high 
percentage of magnesium. Bicarbonate or sulfate is the predominant anion.

In some areas, water produced from the Morrison Formation may not be 
suitable for domestic use because of large concentrations of dissolved 
solids, hardness, iron, manganese, sodium, sulfate, and zinc (table 9). 
Similarly, water produced from the Morrison Formation may not be suitable for 
irrigation because of a high salinity hazard and locally medium sodium hazard 
(fig. 22) unless special management practices are used (table 10).

Other Aquifers

Water-quality samples were collected and analyzed for chemical constitu 
ents from wells completed in several other deposits or formations in the 
study area. Because fewer than five water samples were collected from these 
deposits or formations (in most instances only one or two samples were 
collected), sufficient data were not available to make general statements 
concerning the quality of water produced. Chemical analyses of water from 
wells completed in the following deposits or formations are given in the 
Supplemental Information section (number of analyses shown in parentheses):
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Figure 22. Classification of suitability of water from the Dakota-Purgatoire 
aquifer and the Morrison Formation for irrigation use.
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Flood-plain deposits (1); terrace deposits (2); Fort Hays Limestone Member of 
the Niobrara Formation (4); Codell Sandstone Member of the Carlile Shale (1); 
Bridge Creek Limestone Member of the Greenhorn Limestone (2); Entrada Sand 
stone (2); Fountain Formation (3); and Precambrian rocks (2).

Thermal Springs and Wells

Numerous springs and wells produce warm or hot water in the study area. 
Several of the larger thermal springs are shown in plate 6. A detailed inves 
tigation of the quality of water produced from these wells and springs was 
beyond the scope of this study. Reports by Barrett and Pearl (1976, 1978) 
include information on 19 thermal springs or wells in the study area.

Surface Water

The chemical quality of surface water in the upper Arkansas River basin 
is influenced by many factors, including ground water, direct runoff from 
snowmelt or rainfall, mine drainage, and water use within the basin. These 
factors result in distinct spatial and seasonal patterns of surface-water 
quality in the study area. The patterns are (1) Localized areas where stream 
quality is significantly influenced by mineralized drainage from mines; (2) a 
general downstream deterioration of water quality resulting from decreased 
precipitation and runoff, changes in geology and chemical composition of 
rocks, and increased water use; and (3) seasonal variations in surface-water 
quality resulting from varying degrees of dilution of more mineralized base 
flow by less mineralized runoff from snowmelt or rainfall.

The following evaluation of surface-water quality is based on data pub 
lished annually by the U.S. Geological Survey since 1964 and reports by Wentz 
(1974), Moran and Wentz (1974), and Cain and Edelmann (1980).

Effect of Mine Drainage

Acid mine drainage as a term used to describe excessively mineralized 
and acidic water discharging from a mine. The chemical process that produces 
the acidic conditions begins with exposure of pyrite to oxidizing conditions 
which releases ferrous ions that subsequently oxidize and hydrolyze to pro 
duce insoluble ferric hydroxide (Moran and Wentz, 1974, p. 6). The resulting 
orange precipitate is characteristically found coating the bottoms of streams 
which receive acid mine drainage. In addition to the release of ferrous ions, 
the oxidation of pyrite also yields sulfuric acid which can decompose other 
minerals commonly associated with pyrite, such as sphalerite and galena. This 
decomposition produces cadmium, lead, and zinc, and possibly other toxic 
metals. Acid-mine drainage characteristically has a pH of 4.5 or less and 
contains excessive concentrations of iron, manganese, sulfate, and zinc, and 
occasionally excessive concentrations of cadmium, lead, and nickel. The mix 
ing of acid mine drainage with streamflow results in decreased stream pH as 
the drainage is neutralized by bicarbonate; iron and copper also may precipi 
tate as neutralization occurs. Zinc and manganese, however, tend to remain 
in solution until the pH is 7.0 or more (Moran and Wentz, 1974; Boyles and 
others, 1973).
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Several mine-drainage tunnels and many draining mines are located in the 
study area, primarily in the Leadville, Climax, and Lake Creek areas of Lake 
and northern Chaffee Counties and in the Cripple Creek area of Teller County. 
The major mine-drainage tunnels in the study area are shown in plate 6. 
During a statewide evaluation of the effects of mine drainage on the quality 
of streams in Colorado, Wentz (1974, pi. 3) determined which streams in the 
study area were adversely affected by drainage from mines operated for 
production of metallic minerals (fig. 23). Areas near Leadville, Climax, and 
along Lake Creek in Lake County and Fourmile Creek in Teller County 
subsequently were studied in greater detail by Moran and Wentz (1974). Those 
studies indicated the primary source of degradation in the Arkansas River 
near Leadville is mine drainage from the Yak tunnel, which discharges to 
California Gulch. (Moran and Wentz, 1974, p. 41). This finding was substan 
tiated by LaBounty and others (1975, p. 4).

The effects of mine drainage in the East Fork Arkansas River downstream 
from Climax were evident but were considered relatively minor by Moran and 
Wentz (1974, p. 73). The effects of mine drainage on the quality of stream- 
flow in South Fork Lake Creek were not identifiable downstream from the con 
fluence with North Fork Lake Creek (Moran and Wentz, 1974, p. 63). Because of 
a neutral pH (7.0) and small concentrations of most metals except manganese, 
the waters issuing from Carlton and Roosevelt tunnels near Cripple Creek do 
not significantly affect the quality of water in Cripple and Fourmile Creeks 
(Moran and Wentz, 1974, p. 77). Pine Gulch in Fremont County is included in 
figure 23 because the concentration of mercury in the water exceeded the 
limit identified as potentially harmful to aquatic life (Wentz, 1974).

Areal Changes in Surface-Water Quality

The chemical quality of surface water in the study area, as represented 
by specific conductance, generally is best in the mountainous areas (except 
those areas affected by mine drainage). The values for mean specific 
conductance at selected sites in the study area are shown in figure 24. Less 
specific conductance in the mountainous areas results from: (1) larger 
volumes of runoff resulting from greater precipitation (pi. 2), and (2) the 
predominance of chemically resistant metamorphic and igneous rocks (pi. 1). 
Water contacting these chemically resistant rocks will dissolve smaller quan 
tities of the rocks resulting in less dissolved solids and less specific con 
ductance in both the base flow and runoff. In the plains area east of Canon 
City, less precipitation results in less runoff to dilute base flow. Base 
flow in this part of the study area generally is greater in dissolved solids 
because ground water moves through aquifer materials that generally are more 
soluble and consist of limestones, sandstones, and shales (pi. 1).

The change in specific conductance in the main stem of the Arkansas 
River is shown in figure 25. Specific conductance decreases from Leadville 
to Granite as the effects of the mine drainage near Leadville are diluted by 
tributary inflows. The increase in specific conductance in the river from 
Granite to Pueblo results from a decrease in precipitation and runoff, from 
changes in geology, and from water use by agriculture and municipalities.
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EXPLANATION

REACH OF STREAM DEGRADED 
BY METAL-MINE DRAINAGE
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Figure 23. Streams affected by metal-mine drainage 
(FromWentz, 197A, plate 3).
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EXPLANATION

SURFACE-WATER QUALITY SITE   Number 
is mean specific conductance, in micromhos 
per centimeter at 25° Celsius

0 10 20 30 MILES 
I     i  ' i     H        ' 

0 10 20 30 KILOMETERS

Figure 24. Mean specific conductance of water at selected
surface-water sites.
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Each time water is used and returned to the river, the dissolved-solids 
concentrations and specific conductance increase. In addition to this concen 
trating effect, information presented by Miles (1977, p. 30) indicates that a 
significant quantity of dissolved solids enters the river from geologic for 
mations between Canon City and Portland.

In addition to a general downstream increase in specific conductance, 
there is also a change in water composition (fig. 26). In the vicinity of 
Leadville, water composition in the Arkansas River (sites 2 and 5, fig. 26) 
is significantly affected by mine drainage (sites 1 and 3, fig. 26), result 
ing in sulfate as the dominant or codominant anion. Between Malta (site 5) 
and Granite (site 6) tributary inflows containing little sulfate and exces 
sive bicarbonate (similar in composition to water from site 4 on Halfmoon 
Creek) result in dilution of sulfate. This dilution of sulfate in the 
Arkansas River continues downstream to Canon City where sulfate constitutes 
only 20 percent of the total anions. Also, in the reach between Granite and 
Canon City the percentage of sodium plus potassium in the water increases by 
approximately one-half. From Canon City to Pueblo the percentage of sulfate 
more than doubles and the percentage of sodium continues to increase. These 
changes in composition may result from the inflow of water containing exces 
sive dissolved solids from geologic formations discussed previously, and from 
the use of water for municipal and agricultural purposes.

Seasonal Changes in Surface-Water Quality

When direct runoff is not occurring as a result of snowmelt or rainfall, 
baseflow in the streams is maintained by ground-water inflows. In a typical 
year, this situation exists for most of the study area from October through 
March or April (figs. 6, 10, and 12). Ground water generally has greater 
dissolved solids and specific conductance than direct runoff in a given area 
because of the longer contact time of the water with the rocks of the area. 
This longer contact time results in more dissolution of minerals from the 
rocks. During low-flow or base-flow conditions, the specific conductance or 
concentration of dissolved solids generally is about maximum in the surface 
water of the study area. As the percentage of the streamflow from direct 
runoff increases, the specific conductance and dissolved solids generally 
decrease. The relationship of stream discharge to dissolved solids is shown 
in figure 27 for 07083000 Halfmoon Creek near Malta. Streamflow at this site 
is not affected by man, and a natural relationship exists between dissolved 
solids and stream discharge. Regulation of streamflow by reservoir storage 
and releases can greatly complicate this simple relationship. The relation 
ship between specific conductance and discharge for the Arkansas River above 
Pueblo, just below Pueblo Reservoir (fig. 28), shows the complicating effects 
of streamflow regulation.

Suitability of Surface Water for Domestic or Municipal Supply

Water from the Arkansas River and its tributaries is used as a source of 
municipal supply for several cities in the study area, including Canon City 
and Pueblo. In the near future, water from the Arkansas River in Pueblo 
Reservoir will be delivered by pipeline to the Colorado Springs area for 
municipal use.
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The following discussion of the suitability of surface water for 
domestic or municipal supply addresses only those chemical constituents that 
did not meet the water-quality criteria shown in table 8. Limited data for 
other water-quality constituents, including some trace metals, pesticides, 
and radiochemical constituents, are available for selected sites in the study 
area. A discussion of the additional data is, however, beyond the scope of 
this report.

Mine drainage in the Leadville area increases the concentrations of 
iron, manganese, and dissolved solids in the Arkansas River between Leadville 
and Malta. The resultant concentrations often exceed the water-quality crite 
ria shown in table 8 especially during low flow. Values for pH also may be 
less than 6.5 during low flow. Water from the Arkansas River in this reach 
is likely to be hard to very hard during most of the year. Water quality 
improves downstream as a result of dilution of mine drainage by inflow of 
less mineralized water in the river between Malta and Granite. At Granite, 
problems with iron, manganese, and dissolved solids are not expected. The 
water in that area is, however, moderately hard to hard.

At Canon City, the only water-quality constituents which occasionally 
exceed the criteria for domestic or municipal supply (table 8) are manganese 
(which exceeded the criteria during low flow) and hardness. Water from the 
Arkansas River at Canon City is hard to very hard approximately one-half of 
the time.

At Portland, pH values of water from the Arkansas River occasionally 
exceeded the limit of 8.5 established for domestic or municipal supplies. 
Sodium concentrations in the water during low flow also may exceed the limit 
suggested for people on salt-restricted diets. Concentrations of dissolved 
solids, sulfate, and manganese may occasionally exceed criteria for domestic 
or public supply. Water from the Arkansas River at Portland is very hard 
about one-half the time. Problems associated with using water from the 
Arkansas River at Pueblo for domestic or municipal supply are similar to 
those encountered at Portland.

Suitability of Surface Water for Agriculture

Based on sodium-adsorption ratio and specific conductance, water from 
the Arkansas River throughout the study area generally is suitable for 
irrigation purposes (fig. 29). In the reach of the river from Canon City to 
Pueblo, a medium salinity hazard does exist (table 10) and water needs to be 
applied in sufficient quantities to allow moderate leaching. Water from the 
Arkansas River throughout the study area is suitable for stock watering, 
based on concentrations of dissolved solids (U.S. Environmental Protection 
Agency, 1976b, p. 208).

Estimation of Surface-Water Quality from Specific Conductance

Relationships which can be used to predict concentrations of major ions, 
hardness, dissolved solids, and, in some instances, silica, based on measure 
ment of specific conductance have been developed by Gaydos (1980) for 10 sur 
face-water sites in the study area. The relationships are similar to those 
in table 11 and are shown for the surface-water sites listed in table 12.
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Figure 29. Classification of suitability of water from the 
Arkansas River for irrigation use.
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Table 12. Surface-water sites where equations used to estimate
concentrations of selected chemical constituents from 

specific conductance have been developed by Gaydos (1980)

Station  . .XT Station nameNo.

07079200 Leadville Drain at Leadville
07081200 Arkansas River near Leadville
07083000 Halfmoon Creek near Malta
07083700 Arkansas River near Malta
07086000 Arkansas River at Granite
07096000 Arkansas River at Canon City
07097000 Arkansas River at Portland
07099200 Arkansas River near Portland
07099400 Arkansas River above Pueblo
07099500 Arkansas River near Pueblo

SUMMARY

The upper Arkansas River basin of Colorado consists of the Leadville and 
the Buena Vista-Salida basins, the Wet Mountain Valley, and that part of the 
Great Plains known as the Canon City Embayment. This area relies mainly on 
surface water diverted from the Arkansas River and its tributaries for most 
of its water-supply requirements. Ground water is used mostly for limited 
domestic and municipal purposes and stock watering. During drought, direct 
diversions of surface water are substantially decreased to assure adequate 
water to satisfy senior water rights in the region east of Pueblo.

The annual streamflow of the Arkansas River has been increased during 
recent years with the development of the Fryingpan-Arkansas Project which 
diverts unappropriated water from the Colorado River drainage into the Arkan 
sas River drainage through tunnels and ditches. Imports through the Charles 
H. Boustead Tunnel are expected to average 69,200 acre-ft per year during 
typical water years. Reservoir storage has been increased to serve peak water 
use during later summer months when agricultural demands are greatest and 
runoff from snowmelt and rainfall are minimal. Currently 26 streamflow gages 
and numerous evaporation and precipitation (rainfall and snow course) sta 
tions monitor potential and available runoff. Except for a short reach 
between Salida and Wellsville, seepage-loss measurements indicate the Arkan 
sas River is gaining throughout most of the study area as a result of ground- 
water inflow.
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Rocks in the upper Arkansas River basin range in age from Quaternary to 
Precarabrian. Geophysical investigations indicate the thickness of alluvial 
sediments occupying the Leadville and the Buena Vista-Salida basins may be as 
much as 4,000 ft and 4,600 ft. Water in these sediments occurs under confined 
and unconfined conditions and well yields from aquifers in the valley-fill, 
glacial, and basin-fill deposits reportedly are as great as 1,000, 1,500, and 
1,200 gal/min. Consolidated-rock aquifers consist primarily of sand 
stones. The most dependable and productive of these is the Dakota-Purgatoire 
aquifer with yields as much as 300 gal/min. Yields of flowing wells in this 
aquifer are estimated to range from a few gallons per minute to 150 gal/min. 
The volume of hydrologically recoverable water in storage in the upper 200 ft 
of unconsolidated saturated materials in the Leadville and the Buena Vista- 
Salida basins and Wet Mountain Valley is estimated to be 1.9, 3.8, and 
4.5 million acre-ft.

The chemical quality of surface and ground water varies widely through 
out the study area and was evaluated depending on its intended use. Generally 
surface water is acceptable for stock watering and irrigation but exceeds 
drinking-water criteria for hardness, iron, manganese, pH, and sulfate during 
low flow. The quality of the surface water deteriorates downstream to Pueblo 
Reservoir because of an increase in water use and a decrease in precipitation 
and ground-water inflow. Acid mine drainage was found to seriously degrade 
both surface- and ground-water quality in the Leadville area. Analyses of 
water from the Dakota-Purgatoire aquifer indicate that concentrations of dis 
solved solids, hardness, iron, manganese, radiochemical constituents, sodium, 
and sulfate generally exceeded drinking-water criteria.
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System of Numbering Wells

The well locations in this report are given numbers based on the U.S. 
Bureau of Land Management system of land subdivision, and show the position 
of the wells by quadrant, section, township, range, and position within the 
section. A graphic illustration of this method of well location is shown in 
figure 30. The first letter of the location number indicates which principal 
meridian governs the area in which the well is located; S indicates the sixth 
principal meridian and N indicates the New Mexico principal meridian. The 
second letter indicates the quadrant in which the well is located. Four 
quadrants are formed by the intersection of the base line and the principal 
meridian; A indicates the northeast quadrant, B the northwest, C the south 
west , and D the southeast.

The first number indicates the township; the second, the range; and the 
third, the section in which the well is located. The letters following the 
section number indicate the location of the well within the section. The 
first letter denotes the quarter section; the second, the quarter-quarter 
section; and the third, the quarter-quarter-quarter section. The letters are 
assigned within the section in a counterclockwise direction, beginning with A 
in the northeast quarter. Letters are assigned within each quarter section 
and within each quarter-quarter section in the same manner. Where two or more 
locations are within the smallest subdivision, consecutive numbers, begin 
ning with 1, are added in the order in which the wells are inventoried. For 
example, SC02106633DAA indicates a well in the NE^NE^SE^ sec. 33, T. 21 S., 
R. 66 W.

System of Numbering Surface-Water Stations

Surface-water station numbers are assigned in downstream direction along 
the main stream. Station numbers on tributaries are assigned between station 
numbers on the main stream in the order in which those tributaries enter the 
main stream. Downstream-order station numbers are not assigned to miscellane 
ous sites where water-quality samples are collected or discharge measurements 
are made intermittently.
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WELLSC02106633DAA

Figure 30. System of numbering wells and springs in Colorado,
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GEOLOGIC LOG OF TEST WELL SC01407830DAA 

SC01407830DAA, drilled near Buena Vista, Colo.

Location: Chaffee County, Colo.
Altitude of land surface: Approximately 8,086 feet above mean sea level.
Method drilled: Hydraulic rotary.
Casing record: Steel, 6-inch I.D., to 66 feet below land surface (cemented).

Galvanized pipe, 2-inch I.D., to 1,000 feet.
Perforated intervals: 599-641 and 767-1,000 feet. 

Date drilled: 9-29-71 to 10-4-71. 
Water level: Approximately 26 feet below land surface.

Thickness Depth 
(feet) (feet) 

Quaternary deposits:
Sand, silty, micaceous; contains scattered weathered

granite cobbles                              5 5 
Gravel, very fine to medium, grading to buff clayey
sand                 -                    15 20 

Dry Union (?) Formation:
Gravel, very coarse to fine; contains some cobbles and

scattered yellowish-gray clay lenses             20 40 
Gravel, medium to very coarse, clayey              20 60 
Gravel, fine to medium, and sand, silty to clayey    30 90 
Clay, rusty, micaceous; contains fine to very fine
gravel                                     20 110 

Sand, coarse to very coarse; contains rusty clay
streaks                                    5 115 

Clay, rusty to brown; contains very coarse angular
sand and very fine angular gravel, grading to coarse
clay-filled gravel                           20 140 

Clay, yellowish-gray to white, very sandy, grading to
fine, clay-filled gravel                       20 160 

Sand, poorly sorted, clay-filled, grading to silty
sand                                      40 200 

Sand, medium to very coarse; contains yellowish-gray
and rusty clay streaks. (Possibly some cemented
sand.)                                     40 240 

Sand, poorly sorted, clayey; contains some very fine
gravel and yellow limonite-stained clay stringers   80 320 

Sand; contains intergranular clay                 25 345 
Sand, clayey; contains cemented sand beds and clay
stringers                                   40 385 

Sand, fine to medium, micaceous; contains some inter- 
granular clay                               20 405 

Sand, medium to coarse; contains scattered cobbles,
some cemented beds, and clay streaks           *- 65 470 

Sand, medium to coarse, clayey                   50 520
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Thickness Depth 
(feet) (feet) 

Dry Union (?) Formation Continued:
Sand, very coarse to very fine gravel, grading from

clayey to silty; contains scattered cobbles(?)     80 600 
Sand and very fine to medium gravel; contains cememted

and clayey streaks                           50 650 
Sand and very fine gravel, grading to silty and clayey
sand                                      40 690 

Sand, clayey to silty; contains local concentration of
magnetite                                   80 770 

Gravel, very coarse to medium, and sand; contains
cemented beds and yellowish-gray clay stringers    70 840 

Sand and very fine gravel, clayey; contains scattered
cemented beds                               50 890 

Sand, poorly sorted, silty to clayey; contains string 
ers of yellowish-brown sandy clay               40 930 

Sand, clayey; contains scattered cobbles           30 960 
Sand to fine gravel, poorly sorted; contains stringers

of yellowish-gray clay, grading to poorly sorted
sand and gravel                              40 1,000
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